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(57) The present invention provides a first light 
source (21) that emits light of a first wavelength, that at 
least either records onto or reproduces information from 
an information recording medium (30), a light source 
(22) that emits light of a second wavelength that records 
onto or reproduces information from an information re- 
cording medium (33), a light source (23) that emits light 
of a third wavelength that records onto or reproduces 
information from an information recording medium (23), 
focusing means, an optical element (28) that passes 
light of the first wavelength and diffracts light of the sec- 
ond and third wavelengths, wherein the optica! element 
(28) is an optical element in which grooves are formed 
in a substrate, wherein the expression: 

380 nm < (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves, and wherein the grooves are formed 



in two steps of depth d and depth 2d. 
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Description 

Technical Field 

[0001] The present invention relates to optical infor- 
mation recording and reproduction apparatuses, com- 
puters, image recording devices, image reproduction 
devices, servers and car navigation systems for per- 
forming information recording, reproduction or erasure 
of information on information recording media such as 
optical disks and optical cards, and to optical elements, 
optical heads and liquid crystal elements used in these 
devices. 

Background Art 

[0002] Optical memory technology that uses optical 
disks ..as high-density, large-volume memory media 
gradually is being applied widely to and entering general 
use in digital audio disks, video disks, document file 
disks and also data files. To successfully achieve re- 
cording onto and reproduction of information from an op- 
tical disk with high reliability via a minutely narrowed 
light beam, there is a need for a focusing function form- 
ing a minute spot at the diffraction limit, focus control 
and tracking control of the optical system, and a pit sig- 
nal ("information signal") detection function. 
[0003] With recent advances in optical system design 
technology and the shortening of wavelengths of the 
semiconductor lasers serving as light sources, the de- 
velopment of optical disks containing volumes of mem- 
ory at greater than conventional densities is progress- 
ing. As an approach to higher densities, increasing the 
optical disk side numerical aperture (NA) of a focusing 
optical system that minutely stops down a light beam 
onto an optical disk has been investigated. A problem 
that occurs at this time is that there is an increase in 
aberration caused by an inclination of the disk in relation 
to the light axis (what is known as "tilt"). When the NA 
is made large, the aberration caused by tilt increases. It 
is possible to prevent this by reducing the thickness 
(substrate thickness) of the transparent substrate of the 
optical disk. 

[0004] A Compact Disc (CD), which can be consid- 
ered a first generation optical disk, is used with a light 
source emitting infrared light (a wavelength A3 is 780 
nm to 820~rim) ah dlin objective lens with ah NA~of0745, 
and has a substrate thickness of approximately 1 .2 mm. 
A Digital Versatile Disc (DVD), which can be considered 
a second generation optical disk, is used with a light 
source emitting red light (a wavelength X2 is 630 nm to 
680 nm) and an objective lens with an NA of 0.6, and 
has a substrate thickness of approximately 0.6 mm. 
And, a system has been proposed in which a third gen- 
eration optica! disk is used with a light source that emits 
blue light (a wavelength A.1 is 380 nm to 420 nm) and 
an objective lens with an NA of 0.85, the disk having a 
substrate thickness of 0.1 mm. 



[0005] It should be noted that in this specification, the 
substrate thickness means the thickness of the trans- 
parent substrate from the face at which a light beam is 
incident on the optical disk (or optical recording medium) 
5 to the information recording surface. 

[0006] Thus, the thickness of the substrate of optical 
disks becomes thinner with increasing recording densi- 
ty. From the standpoint of economics and the space oc- 
cupied by the device, it is desirable that a single optical 

to information recording and reproduction apparatus is ca- 
pable of recording and reproducing optical disks of dif- 
ferent substrate thickness and recording density. For 
this purpose, there is a need for an optical head device 
that is provided with a focusing optical system that is 

15 capable of focusing a light beam up to the diffraction limit 
onto optical disks of different substrate thicknesses. 
[0007] An example of a device that records and repro- 
duces information from both DVD and CD optical disks 
(information recording media) is proposed in the Patent 

20 Document 1 described below. As a first conventional ex- 
ample, this content is described simply using FIGS. 58 
to 60. FIG. 58 is a structural overview of an optical head 
300. FIG. 58A shows the manner in which information 
is recorded onto or reproduced from a DVD and FIG. 

25 58 B shows the manner in which information is recorded 
onto or reproduced from a CD. It contains a red semi- 
conductor laser 301 that emits light of a wavelength of 
635 nm to 650 nm, and an infrared semiconductor laser 
302 that emits light of a wavelength of 780 nm. 

30 [0008] When reproducing a DVD 308, which is a sec- 
ond information recording medium, the light emitted 
from the red semiconductor laser 301 passes through a 
wavelength selecting prism 303, and is converted to cot- 
limated light by a collimator lens 304. The light that was 

35 converted to collimated light is reflected by a beam split- 
ter 305, passes through a dichroic hologram 306, is con- 
verted to convergent light by an objective lens 307, and 
is irradiated onto the DVD 308. The light that was re- 
flected by the DVD 308 again passes through the ob- 

^o jective lens 307 and the dichroic hologram 306, passes 
through the beam splitter 305, is converted to conver- 
gent light by a detecting lens 309, and is focused onto 
a photodetector 310. 

[0009] When reproducing a CD 311 , which is a third 
^5 information recording medium, the light emitted from the 
infrared semiconductor laser 302 is reflected by the 
wavelength selecting prism303, andls converted to col- 
limated light by a collimator lens 304. The light that was 
converted to collimated light is reflected by a beam split- 
50 ter 305, is diffracted by the dichroic hologram 306, is 
converted to convergent light by an objective lens 307, 
and is irradiated onto the CD 311 . The light that was re- 
flected by the CD 311 again passes through the objec- 
tive lens 307 and the dichroic hologram 306, passes 
55 through the beam splitter 305, is converted to conver- 
gent light by the detecting lens 309, and is focused onto 
the photodetector 310. 

[0010] Spherical aberration caused by the difference 
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in substrate thickness of DVDs and CDs is corrected by 
the dichroic hologram 306. FIG. 59 is a cross-sectional 
view of the dichroic hologram 306. Grooves of depth d, 
2d and 3d are arranged in that order on the surface of 
the dichroic hologram 306. The depth d is determined 
such that, 

d = A.1 /(n1 - 1) 

where A.1 is the wavelength of the red semiconductor 
laser and n1 is the refractive index of the dichroic holo- 
gram 306 at the wavelength A,1 . In this way, the trans- 
mittance of the light of wavelength A1 , increases without 
diffracting the light. 

[001 1] Here, the wavelength of light emitted from the 
infrared semiconductor laser is A2, and the refractive in- 
dex of the dichroic hologram 306 at the wavelength A2 
is n2. FIG. 60A shows the wavefront after the light of 
wavelength A2 has passed the dichroic hologram 306, 
in which, 

d X (n2 - 1)/ A.2 = 0.75. 

In this case, a phase shift of 0.75 times the wavelength 
occurs per step. As phase shifts of greater than one can 
be ignored, FIG. 60B shows a wavefront that is re-writ- 
ten, based only on that portion to the right of the decimal 
point. This wavefront becomes first order diffraction 
light, which has a high diffraction efficiency at one side. 
[0012] Furthermore, in the non-Patent Document 1 
described below an example is given of a device for re- 
producing information on CDs, DVDs and ultra high den- 
sity optical disks. This is briefly explained using FIGS. 
61 and 62 as a second conventional example. FIG. 61 
is a structural overview showing an optical head. 
[001 3] Collimated light emitted from an optical system 
201 that contains a blue light source of wavelength A1 
= 405 nm passes through prisms 204, 205 and a phase 
plate 206, which will be explained later, is focused by an 
objective lens 207, and is irradiated onto an information 
recording surface of an optical disk 208 (an ultra high 
density optical disk) whose substrate thickness is 0.1 
mm. 

[0014] The light that was reflected by the optical disk 
208 returns back along the travel path and is detected 
by a photodetector of the optical system 201 . The di- 
verging light that is emitted by an optical system 202 
that contains a source of red light of wavelength A2 = 
650 nm is reflected by the prism 204, passes through 
the prism 205 and the phase plate 206, is focused by 
the objective lens 207 and is irradiated onto an informa- 
tion recording surface of an optical disk 209 (DVD), 
whose substrate thickness is 0.6 mm. 
[0015] The light that was reflected from the optical 
disk 209 returns back along the travel path, and is de- 
tected by a photodetector of the optical system 202. The 



diverging light emitted by an optical system 203, which 
has a source of infrared light of a wavelength A3 = 780 
nm is reflected by the prism 205, passes through the 
phase plate 206, is focused by the objective lens 207, 
5 and is irradiated onto an information recording surface 
of an optical disk 21 0 (CD), whose substrate thickness 
is 1 .2 mm. The light that was reflected by the optical disk 
210 returns back along the travel path, and is detected 
by a photodetector of the optical system 203. 
io [0016] The objective lens 207 is designed so as to 
handle substrate thicknesses of 0.1 mm, and spherical 
aberration occurs in CDs and DVDs because of the dif- 
ference in substrate thickness. Correction of this spher- 
ical aberration occurs due to the degree of divergence 
15 of the diverging light that is emitted by the optical system 
202 and optical system 203, and due to the phase plate 
206. Different spherical aberration is generated when 
divergent light is incident on the objective lens, so it is 
possible to cancel out spherical aberration caused by 
the difference in substrate thickness by this new spher- 
ical aberration. 

[001 7] The degree of divergence of the diverging light 
is set such that spherical aberration is a minimum. 
Spherical aberration caused by the diverging light can- 
not be completely corrected, and higher order spherical 
aberrations (principally fifth order spherical aberrations) 
remain. These fifth order spherical aberrations are cor- 
rected by the phase plate 206. 

[0018] FIG. 62 shows a surface (FIG. 62A) and a lat- 
eral view (FIG. 62B) of the phase plate 206. If the re- 
fractive index at the wavelength A,1 is defined as n1 , and 
h = A/I / (n1 - 1), then the phase plate 206 is constituted 
by phase shift steps 206a of height h and height 3h. The 
height h generates a phase shift of 1A. (where A. is the 
wavelength that is used) in the light of wavelength A1 , 
however this does not affect the phase distribution and 
there is no impediment to recording or reproduction of 
the optical disk 208. 

[001 9] On the other hand, if the refractive index of the 
phase plate 206 at the wavelength X2 is n2, then a phase 
shift of the light of wavelength X2 of h / X2 x (n2 - 1) = 
0.625 X is generated. Furthermore, if the refractive index 
of the phase plate 206 at the wavelength A3 is n3, then 
a phase shift of the light of wavelength A3 of h / A3 x 
(n3 - 1) = 0.52 A. is generated. In relation to DVDs and 
CDs, this wave shift is used to convert the wavefronts, 
and the remaining fifth order spherical aberrations are 
corrected. 

[0020] Moreover, the Patent Document 2 described 
below proposes a method for reproducing information 
using an objective lens that is capable of recording and 
reproducing ultra high density optical disks, and two ob- 
jective lenses that are capable of reproducing CDs and 
DVDs. This is described briefly as a third conventional 
example, using FIG. 63. 

[0021 ] A lens holder 233 is provided with an objective 
lens 231 that is used when recording onto and replaying 
from ultra high density optical disks, an objective lens 
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232 that is used when reproducing DVDs and CDs, and 
drive coils 234, and is suspended by wires 236 from a 
fixed portion 237. 

[0022] A magnetic circuit is constituted by a magnet 
238 and a yoke 239. An electromagnetic force is caused 
by the flow of electric current through the drive coil 234, 
and the objective lenses 231 and 232 are.driven in the 
focusing direction and the tracking direction. In the third 
conventional example, which of the objective lenses 231 
and 232 is used depends on the optical disk to be re- 
corded and reproduced. 

[0023] Furthermore, as a technique for correcting 
chromatic aberration, a chromatic aberration correcting 
hologram is proposed in the Patent Document 3 de- 
scribed, below, in which the cross-sectional shape of the 
optical element is saw tooth shaped, wherein light of a 
first wavelength A.1 is corrected using second order dif- 
fracted light, and light of a second wavelength X2 is cor- 
rected using first order diffracted light. 
[0024] However, in the optical head of the first con- 
ventional example, when light is irradiated onto optical 
disks that have widely different substrate thicknesses, 
such as a substrate thickness of 1 .2 mm and a substrate 
thickness of 0.1 mm, there is the problem that the dis- 
tance between the disk and the objective lens changes 
significantly, the movable range of the actuator increas- 
es, and the head becomes large. Moreover, there is the 
problem that in order to detect the light that corresponds 
to the three types of light sources, the number of signal 
wires increases and the width of the flexible cable that 
connects the optical head and the optical disk drive is 
wider. 

[0025] Furthermore, in the optical disk device accord- 
ing to the second conventional example, since the light 
is incident on the objective lens as divergent light when 
reproducing CDs and DVDs, there is the problem that 
when the objective lens is driven in the tracking direc- 
tion, a large coma aberration is generated and the opti- 
cal disks cannot be favorably reproduced. 
[0026] Furthermore, in the optical disk device of the 
third conventional example, because the objective lens- 
es 231 and 232 are lined up in a tangential direction (y 
direction) and the objective lens 231 is arranged such 
that it is positioned on a straight line in the tracking di- 
rection (x direction) that passes through a rotational 
center O of the optical disk, there is the problem that 
DVDs and CDs that use the objective lens 232 cannot 
use the differential push-pull (DPP) method or the three 
beam method, which are common tracking detection 
methods. This problem is described using FIG. 64. The 
DPP method or the three beam method use a main spot 
for reproduction, and two sub spots for tracking detec- 
tion. A main spot 232a of the objective lens 232 shown 
in FIG. 63 is in a spot position 150a shown in FIG. 64. 
The subspots are in positions 150b and 150c, and are 
set at an optimal angle G 0 with respect to a reproduction 
track 1 53. 

[0027] The spots move in the x-direction in accord- 



ance with the seek operation of the optical head, and 
the spot positions change to 151a, 151b and 151c. Be- 
cause the spot positions 150a and 151a are not on the 
straight line that passes through the axis of rotation O 
of the optical disks in the x-direction, the angle 8 0 chang- 
es to 6 1 due to the seek operation of the optical head. 
That is to say, in the configuration of the third conven- 
tional example, there is the problem that tracking control 
cannot be carried out reliably.. 

Patent Document 1 

JPH9-306018A 
Patent Document 2 

JP H11-120587A 
Patent Document 3 

JP 2001-60336 
Non-Patent Document 1 

Session We - C - 05 of ISOM 2001 (p30 of the 
proceedings) 

Disclosure of Invention 

[0028] It is an object of the present invention to solve 
the foregoing conventional problems, and to provide op- 
tical elements, optical heads, optical information record- 
ing and reproduction apparatuses, computers, image 
recording devices, image reproduction devices, servers 
and navigation systems that can reliably record informa- 
tion onto and reproduce from a plurality of information 
recording media whose substrate thicknesses are dif- 
ferent. 

[0029] In order to achieve this object, a first optical 
element of the present invention comprises a substrate 
in which grooves are formed; 
wherein the expression: 

380 nm < (n - 1) x d < 420 nm 

40 is satisfied, where n is a refractive index of the substrate 
at a wavelength of. 400 nm, and d (nm) is a depth per 
step of the grooves; and 

wherein the grooves are formed in two steps of 
depth d and depth 2d. 
45 [0030] A second optical element of the present inven- 
tion comprises a substrate in which grooves are formed; 
wherein the expression: 

380 nm < (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; and 

wherein the grooves are formed in four steps of 
depth d, depth 2d, depth 3d and depth 4d. 
[0031] A first optical head of the present invention 
comprises a first light source that emits light of a first 
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wavelength that at least either records onto or reproduc- 
es information from a first information recording medi- 
um; 

a second light source that emits light of a second 
wavejength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

focusing means for focusing light that is emitted 
from the first light source and from the second light 
source; 

an optical element that passes light of the first 
wavelength and diffracts light of the second wavelength ; 
and 

photodetecting means for detecting light of the 
first wavelength and light of the second wavelength; 

wherein light of the first wavelength and light of 
the second wavelength pass through the optical ele- 
ment, after which they are focused by the focusing 
means and are irradiated onto the information recording 
media; 

wherein the optical element is an optical element 
in which grooves are formed in a substrate; 
wherein the expression: 

380 nm < (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; 

wherein the grooves are formed in two steps of 
depth d and depth 2d; and 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media. 

[0032] A second optical head of the present invention 
comprises a first light source that emits light of a first 
wavelength, that at least either records onto or repro- 
duces information from a first information recording me- 
dium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

focusing means for focusing light that is emitted 
from the first light source and from the second light 
source; 

an optical element that passes light of the first 
wavelength and diffracts light of the second wavelength; 
and 

photodetecting means for detecting light of the 
first wavelength and light of the second wavelength; 

wherein light of the first wavelength and light of 
the second wavelength pass through the optical ele- 
ment, after which they are focused by the focusing 
means and are irradiated onto the information recording 
media; 

wherein the optical element is an optical element 



in which grooves are formed in a substrate; 
wherein the expression: 

5 380 nm <, (n - 1) X d < 420 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; 

10 wherein the grooves are formed in four steps of 

depth d, depth 2d, depth 3d and depth 4d; and 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media. 

15 [0033] A third optical head of the present invention 
comprises a first light source that emits light of a first 
wavelength, that at least either records onto or repro- 
duces information from a first information recording me- 
dium; 

20 a second light source that emits light of a second 

wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

a third light source that emits light of a third wave- 
rs length, that at least. either records onto or reproduces 
information from a third information recording medium; 

focusing means for focusing light that is emitted 
from the first light source, from the second light source 
and from the third light source; 
30 a first optical element that passes light of the first 

wavelength and diffracts light of the second wavelength 
and light of the third wavelength; 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength and light 
35 of the third wavelength; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the optical element after which they are 
focused by the focusing means and are irradiated onto 
40 the information recording media; 

wherein the first optical element is an optical ele- 
ment in which grooves are formed in a substrate; 

wherein the expression: 

45 

380 nm < (n - 1 ) X d < 420 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
so step of the grooves; 

wherein the grooves are formed in two steps of 
depth d and depth 2d; and 

wherein the photodetecting means detects light 
that is. at least either reflected or diffracted by the infor- 
55 mation recording media. 

[0034] A fourth optical head of the present invention 
comprises a first light source that emits light of a first 
wavelength, that at least either records onto or repro- 
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duces information from a first information recording me- 
dium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording s 
medium; 

- a third light source that emits light of a third wave- 
length, that at least either records onto or reproduces 
information from a third information recording medium; 

focusing means for focusing light that is emitted 
from the first light source, from the second light source 
and from the third light source; 

a first optical element that passes light of the first 
wavelength and diffracts light of the second wavelength 
and the third wavelength; and . 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength and light 
of the third wavelength; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the optical element, after which they are 
focused by the focusing means and are irradiated onto 
the information recording media; 

wherein the first optical element is an optical ele- 
ment in which grooves are formed in a substrate; 

wherein the expression: 

380 nm < (n - 1 ) X d < 420 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; 

wherein the grooves are formed in four steps of 
depth d, depth 2d, depth 3d and depth 4d; and 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media. 

[0035] A first optical information recording and repro- 
duction apparatus of the present invention comprises an 
optical head that includes; 

a first light source that emits light of a first wave- 
length, that at least either records onto or reproduces 
information from a first information recording medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

focusing means for focusing light that is emitted 
from the first light source and from the second light 
source; 

an optical element that passes light of the first 
wavelength and diffracts light of the second wavelength; 
and 

photodetecting means for detecting light of the 
first wavelength and light of the second wavelength, 
and further comprises: 



moving means for moving the information recording 
medium and the optical head relative to each other; 

wherein light of the first wavelength and light of 
the second wavelength pass through the optical ele- 
ment, after which they are focused by the focusing 
means and are irradiated onto the information recording 
media; 

wherein the optical element is an optical element 
in which grooves are formed in a substrate; 
wherein the expression: 

380 nm < (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; 

wherein the grooves are formed in two steps of 
depth d and depth 2d; and 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media. 

[0036] A second optical information recording and re- 
production apparatus of the present invention compris- 
es an optical head that includes; 

a first light source that emits light of a first wave- 
length, that at least either records onto or reproduces 
information from a first information recording medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

focusing means for focusing light that is emitted 
from the first light source and from the second light 
source; 

an optical element that passes light of the first 
wavelength and diffracts light of the second wavelength; 
and 

photodetecting means for detecting light of the 
first wavelength and light of the second wavelength, 
and further comprises: 

moving means for moving the information recording 
medium and the optical head relative to each other; 

wherein light of the first wavelength and light of 
the second wavelength pass through the optical ele- 
ment, after which they are focused by the focusing 
means and are irradiated onto the information recording 
media; 

wherein the optical element is an optical element 
in which grooves are formed in a substrate; 
wherein the expression: 

380 (nm) < (n - 1) X d < 420 (nm) 
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is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; 

wherein the grooves are formed in four steps of 
depth d, depth 2d, depth 3d and depth 4d; and 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media. 

[0037] A third optical information recording and repro- 
duction apparatus of the present invention comprises an 
optical head that includes; 

a first light source that emits light of a first wave- 
length, that at least either records onto or reproduces 
information from a first information recording medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

a third light source that emits light of a third wave- 
length, that at least either records onto or reproduces 
information from a third information recording medium; 

focusing means for focusing light that is emitted 
from the first light source, from the second light source 
and from the third light source; 

a first optical element that passes light of the first 
wavelength and diffracts light of the second wavelength 
and light of the third wavelength; and 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength and light 
of the third wavelength; 

and further comprises: 

moving means for moving the information recording 
medium and the optical head relative to each other; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the optical element, after which they are 
focused by the focusing means and are irradiated onto 
the information recording media; 

wherein the first optical element is an optical ele- 
ment in which grooves are formed in a substrate; 

wherein the expression: 

380 nm < (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; 

wherein the grooves are formed in two steps of 
depth d and depth 2d; and 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media. 

[0038] A fourth optical information recording and re- 
production apparatus of the present invention compris- 
es an optical head that includes; 



a first light source that emits light of a first wave- 
length, that at least either records onto or reproduces 
information from a first information recording medium; 

a second light source that emits light of a second 
5 wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

a third light source that emits light of a third wave- 
length, that at least either records onto or reproduces 
10 information from a third information recording medium; 

focusing means for focusing light that is emitted 
from the first light source, from the second light source 
and from the third light source; 

a first optical element that passes light of the first 
15 wavelength and diffracts light of the second wavelength 
and light of the third wavelength; and 

photodetecting means for detecting light of the 
firstwavelength, light of thesecond wavelength and light 
of the third wavelength; 
20 and further comprises: 

moving means for moving the information recording 
medium and the optical head relative to each other; 

25 wherein light of the first wavelength, light of the 

second wavelength and light of the third wavelength 
pass through the optical element, after which they are 
focused by the focusing means and are irradiated onto 
the information recording media; 
30 wherein the first optical element is an optical ele- 

ment in which grooves are formed in a substrate; 
wherein the expression: 

35 380 nm < (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; 

wherein the grooves are formed in four steps of 
depth d, depth 2d, depth 3d and depth 4d; and 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media. 
45 [0039] A third optical element of the present invention 
comprises a substrate, in which steps are formed pro- 
truding from a flat surface thereof; 
wherein the expression: 

50 

760 nm < (n - 1) x d < 840 nm 

is satisfied when a refractive index of the substrate at a 
wavelength of 400 nm is n, and a height (nm) of one 
55 step is d; and 

wherein the height of the steps is an integer mul- 
tiple of d. 

[0040] A fifth optical head of the present invention 
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comprises a first light source that emits light of a first 
wavelength that is in a range of 380 nm to 420 nm and 
that at least either records onto or reproduces informa- 
tion from a first information recording medium; 

a second light source that emits light of a second 5 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

an optical element that passes light of the first 
wavelength, and converts the phase of light of the sec- 10 
ond wavelength; 

focusing means for focusing light of the first wave- 
length and light of the second wavelength onto the in- 
formation recording medium; 

detecting means for detecting light of the first 15 
wavelength and light of the second wavelength; 

wherein the optical element is an optical element 
comprising a substrate, in which steps are formed pro- 
truding from a flat surface thereof; and 

wherein the expression: 20 

760 nm < (n - 1) x d < 840 nm 

is satisfied when a refractive index of the substrate at a 25 
wavelength of 400 nm is n, and a height (nm) of one 
step is d. -. . 

[0041] A sixth optical head of the present invention 
comprises a first light source that emits light of a first 
wavelength that is in a range of 380 nm to 420 nm and 30 
that at least either records onto or reproduces informa- 
tion from a first information recording medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 35 
medium; 

an optical element that passes light of the first 
wavelength, and converts the phase of light of the sec- 
ond wavelength; 

focusing means for focusing light of the first wave- 40 
length and light of the second wavelength onto the in- 
formation recording medium; and 

detecting means for detecting light of the first 
wavelength and light of the second wavelength; 

wherein the position of the second light source is 
set closer to the focusing means than a position at which 
the aberration at the information recording surface of the 
second information recording medium, when the optical 
element is not present, is at a minimum. 

wherein the optical element is an optical element so 
comprising a substrate, in which steps are formed pro- 
truding from a flat surface thereof; and 

wherein the expression: 

380 nm < (n - 1 ) x d < 420 nm 
is satisfied when a refractive index of the substrate at a 



wavelength of 400 nm is n, and a height (nm) of one 
step is d. 

[0042] A seventh optical head of the present invention 
comprises a first light source that emits light of a first 
wavelength that is in a range of 380 nm to 420 nm and 
that at least either records onto or reproduces informa- 
tion from a first information recording medium; . - 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

an optical element that passes light of the first 
wavelength, and converts the phase of light of the sec- 
ond wavelength; 

focusing means for focusing light of the first wave- 
length and light of the second wavelength onto the in- 
formation recording medium; and . 

detecting means for detecting light of the first 
wavelength and light of the second wavelength; 

wherein the position of the second light source is 
set further from the focusing means than a position that 
is substantially midway between the position of that light 
source at which the aberration at the information record- 
ing surface of the second information recording medium 
when the optical element is not present is at a minimum, 
and the position of that light source at which light of the 
second wavelength that is incident on the focusing 
means is collimated light. 

wherein the optical element is an optical element 
comprising a substrate, in which steps are formed pro- 
truding from a flat surface thereof; and 

wherein the expression: 

380 nm < (n - 1 ) X d < 420 nm 

is satisfied when a refractive index of the substrate at a 
wavelength of 400 nm is n, and a height (nm) of one 
step is d. 

[0043] An eighth optical head of the present invention 
comprises a a first light source that emits light of a first 
wavelength that is in a range of 380 nm to 420 nm and 
that at least either records onto or reproduces informa- 
tion from a first information recording medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

an optical element that passes light of the first 
wavelength, and converts the phase of light of the sec- 
ond wavelength; 

focusing means for focusing light of the first wave- 
length and light of the second wavelength onto the in- 
formation recording medium; and 

detecting means for detecting light of the first 
wavelength and light of the second wavelength; 

wherein light of the second wavelength that is in- 
cident on the focusing means is collimated light; 
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wherein the optical element is an optical element 
comprising a substrate, in which steps are formed pro- 
truding from a flat surface thereof; and 

wherein the expression: 

380 nm < (n - -1 ) x d < 420 nm 

is satisfied when a refractive index of the substrate at a 
wavelength of 400 nm is n, and a height (nm) of one 
step is d. 

[0044] A ninth optical head of the present invention 
comprises a first light source that emits light of a first 
wavelength that is in a range of 380 nm to 420 nm and 
that at least either records onto or reproduces informa- 
tion from a first information recording medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

a third light source that emits light of a third wave- 
length, that at least either records onto or reproduces 
information from a third information recording medium; 

an optical element that passes light of the first 
wavelength and light of the third wavelength, and con- 
verts the phase of light of the second wavelength; 

focusing means for focusing light of the first wave- 
length, light of the second wavelength and light of the 
third wavelength onto the information recording medi- 
um; and 

detecting means for detecting light of the first 
wavelength, light of the second wavelength and light of 
the third wavelength; 

wherein the optical element is an optical element 
comprising a substrate, in which steps are formed pro- 
truding from a flat surface thereof; and 

wherein the expressions: 

760 nm < (n1 - 1 ) x d < 840 nm 

and 

- 1 0 nm < M / (n 1 - 1 ) - A3/ (n3 - 1 ) / 2 < 1 0 nm 

are satisfied when a refractive index of the optical ele- 
ment at the wavelength of 400 nm is n, the third wave- 
length is A3 (nm), a refractive index of the optical ele- 
ment at the wavelength A3 is n3, and a height (nm) of 
one step is d. 

[0045] A tenth optical head of the present invention 
comprises a first light source that emits light of a first 
wavelength that is in a range of 380 nm to 420 nm and 
that at least either records onto or reproduces informa- 
tion from a first information recording medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 



duces information from a second information recording 
medium; 

a third light source that emits light of a third wave- 
length, that at least either records onto or reproduces 
5 information from a third information recording medium; 

an optical element that passes light of the first 
wavelength and light of the third wavelength, and chang- 
es the phase of light of the second wavelength; 

a liquid crystal element that passes light of the first 
10 wavelength and light of the second wavelength, and dif- 
fracts light of the third wavelength; 

focusing means for focusing light of the first wave- 
length, light of the second wavelength and light of the 
third wavelength onto the information recording medi- 
15 urn; and 

detecting means for detecting light of the first 
wavelength, light of the second wavelength and light of 
the third wavelength; 

wherein the optical element is an optical element 
comprising a substrate, in which steps are formed pro- 
truding from a flat surface thereof; 
wherein the expression: 

700 nm < (n - 1) X d < 840 nm 

is satisfied when a refractive index of the substrate at a 
wavelength of 400 nm is n, and a height (nm) of one 
step is d; and 

wherein the liquid crystal element comprises: 

a substrate that has a relief-shaped hologram pat- 
tern; 

a first transparent electrode, which is formed on the 
relief -shaped hologram pattern; and 
a second transparent electrode that is arranged op- 
posite the first transparent electrode to sandwich 
the liquid crystal; 

wherein the liquid crystal element passes light of 
the first wavelength and light of the second wavelength, 
and diffracts light of the third wavelength by controlling 
a voltage that is applied to the first transparent electrode 
and the second transparent electrode. 
[0046] An eleventh optical head of the present inven- 
tion comprises a first light source that emits light of a 
first wavelength, that at least either records onto or re- 
produces information from a first information recording 
medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

a third light source that emits light of a third wave- 
length, that at least either records onto or reproduces 
information from a third information recording medium; 

focusing means for focusing light that is emitted 
from the first light source, from the second light source 
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and from the third light source; 

a first optical element that passes light of the first 
wavelength and diffracts light of the second wavelength 
and light of the third wavelength; 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength, and 
light of the third wavelength; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the optical element, after which they are 
focused by the focusing means and are irradiated onto 
the information recording media; and 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media. 

[0047] A twelfth optical head of the present invention 
comprises a first light source that emits light of a first 
wavelength, that at least either records onto or repro- 
duces information from a first information recording me- 
dium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

a third light source that emits light of a third wave- 
length, that at least either records onto or reproduces 
information from a third information recording medium; 

focusing means for focusing light that is emitted 
from the first light source, from the second light source 
and from the third light source; 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength, and 
light of the third wavelength; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the optical element, after which they are 
focused by the focusing means and are irradiated onto 
the information recording media; 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media; and 

wherein, when a distance between the surface of 
the first information recording medium on the focusing 
means side, and the tip of the focusing means on the 
side of the first information recording medium is WD1 
when light of the first wavelength is irradiated onto the 
first information recording medium, and 

a distance between the surface of the second in- 
formation recording medium on the focusing means 
side, and the tip of the focusing means on the side of 
the second information recording medium is WD2 when 
light of the second wavelength is irradiated onto the sec- 
ond information recording medium, and 

a distance between the surface of the third infor- 
mation recording medium on the focusing means side, 
and the tip of the focusing means on the side of the third 
information recording medium is WD3 when light of the 
third wavelength is irradiated onto the third information 



recording medium, 

a difference between the maximum value and the 
minimum value of WD1 , WD2 and WD3 is smaller than 
the maximum value of the diameter of the focusing 
5 means. 

[0048] A thirteenth optical head of the present inven- 
tion comprises a first light source that emits light of a 
first wavelength, that at least either records onto or re- 
produces information from a first information recording 
10 medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

15 a third light source that emits light of a third wave- 

length, that at least either records onto or reproduces 
information from a third information recording medium; 

focusing means for focusing light that is emitted 
from the first light source, from the second light source 
20 and from the third light source; 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength, and 
light of the third wavelength; 

wherein light of the first wavelength, light of the 
25 second wavelength and light of the third wavelength 
pass through the optical element, after which they are 
focused by the focusing means and are irradiated onto 
the information recording media; 

wherein the photodetecting means detects light 
30 that is at least either reflected or diffracted by the infor- 
mation recording media; and 

wherein, when a distance between the surface of 
the first information recording medium on the focusing 
means side, and the tip of the focusing means on the 
35 side of the first information recording medium is WD1 
when light of the first wavelength is irradiated onto the 
first information recording medium, and 

a distance between the surface of the second in- 
formation recording medium on the focusing means 
^o side, and the tip of the focusing means on the side of 
the second information recording medium is WD2 when 
light of the second wavelength is irradiated onto the sec- 
ond information recording medium, and 

a distance between the surface of the third infor- 
45 mation recording medium on the focusing means side, 
and the tip of the focusing means on the side of the third 
information recording medium is WD3 when light of the 
third wavelength is irradiated onto the third information 
recording medium, 
50 WD1 , WD2 and WD3 are substantially equivalent. 

[0049] A fourteenth optical head of the present inven- 
tion comprises a light source that emits light that at least 
either records onto or reproduces information from an 
information recording medium; 
55 focusing means for focusing light that is emitted 

from the light source; and 

photodetecting means for detecting the light; 
wherein the light is focused by the focusing means 
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and is irradiated onto the information recording media; 

wherein the detecting means detects the light that 
is at least either reflected or diffracted by the information 
recording media; and 

further comprises converter for converting a plu- 
rality of signals, which are received in parallel, that are 
output from the photodetecting means into a serial sig- 
nal. 

[0050] A fifth optica! information recording and repro- 
duction apparatus comprises an optical head that in- 
cludes: 

a first light source that emits light of a first wave- 
length, that at least either records onto or reproduces 
information from a first information recording medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

a third light source that emits light of a third wave- 
length, that at least either records onto or reproduces 
information from a third information recording medium; 

focusing means for focusing light that is emitted 
from the first light source, from the second light source 
and from the third light source; 

a first optical element that passes light of the first 
wavelength and diffracts light of the second wavelength 
and light of the third wavelength; and 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength, and 
light of the third wavelength, 

and further comprises: 

moving means formoving the information recording 
medium and the optical head relative to each other; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the optical element, after which they are 
focused by the focusing means and are irradiated onto 
the information recording media; and 

wherein the photodetecting means detects light 
that is at least either reflected or diffracted by the infor- 
mation recording media. 

[0051 J A fifteenth optical head of the present invention 
comprises first focusing means and second focusing 
means for irradiating light onto the information recording 
medium; 

wherein the first focusing means and the second 
focusing means are lined up in the tracking direction; 

wherein the first focusing means is positioned on 
the inner circumference side of the information record- 
ing medium, and the second focusing means is posi- 
tioned on the outer circumference side of the information 
recording medium; 

wherein the outside diameter of the first focusing 
means is less than the outside diameter of the second 
focusing means, and the second focusing means can 
reproduce information at the inner most circumference 



of the information recording medium when a rotating 
system, which rotates the information recording medi- 
um, and the optical head are in close proximity. 
[0052] A sixteenth optical head of the present inven- 
5 tion is an optical head that at least either records onto 
or reproduces information from at least three informa- 
tion recording media that have different substrate thick- 
ness; 

wherein the optical head contains first focusing 
means and second focusing means for irradiating light 
onto the information recording medium; and 

wherein the first focusing means irradiates light 
onto a first information recording medium whose sub- 
strate thickness is most thick, and the second focusing 
means irradiates light onto the information recording 
media, excluding the first information recording medi- 
um. 

[0053] A seventeenth optical head of the present in- 
vention is an optical head that at least either records 
onto or reproduces information from a plurality of infor- 
mation recording media that have different substrate 
thickness, comprising: 

a plurality of focusing means that irradiate light onto 
. the plurality of information recording medium; and 
a movable body that is capable of moving in the fo- 
cus direction and in the tracking direction; 

wherein the focusing means that irradiates light 
onto the information recording medium whose substrate 
thickness is the thinnest is positioned substantially in the 
center of the movable body, and the plurality of focusing 
means are mounted on the movable body, lined up in 
the tracking direction. 

[0054] An eighteenth optical head of the present in- 
vention comprises a first light source that emits light of 
a first wavelength, that at least either records onto or 
reproduces information from a first information record- 
ing medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
duces information from a second information recording 
medium; 

a focusing means for focusing light of the first 
wavelength and light of the second wavelength onto the 
information recording medium; and 

detecting means for detecting light of the first 
wavelength and light of the second wavelength, 

wherein light of the second wavelength is irradiat- 
ed onto the first information recording medium to detect 
the tilt of the first information recording medium. 
[0055] A nineteenth optical head of the present inven- 
tion comprises a first light source that emits light of a 
first wavelength, that at least either records onto or re- 
produces information from a first information recording 
medium; 

a second light source that emits light of a second 
wavelength, that at least either records onto or repro- 
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duces information from a second information recording 
medium; 

first focusing means for focusing light of the first 
wavelength onto the first information recording medium; 

second focusing means for focusing light of the 5 
second wavelength onto the second information record- 
ing medium; and - 

detecting means for detecting light of the first 
wavelength and light of the second wavelength; 

wherein light of the second wavelength is irradiat- 10 
ed onto the first information recording medium to detect 
the tilt of the first information recording medium. 
[0056] A liquid crystal element of the present inven- 
tion comprises a substrate that has a relief -shaped holo- 
gram pattern; 15 

a first transparent electrode, which is formed on 
the relief-shaped hologram pattern; and 

a second transparent electrode that is arranged 
opposite the first transparent electrode to sandwich the 
liquid crystal; 20 

wherein it is possible to change between diffract- 
ing and passing for the light incident in the liquid crystal 
element by controlling a voltage that is applied to the 
first transparent electrode and the second transparent 
electrode. 25 
[0057] A sixth optical information recording and repro- 
duction apparatus of the present invention comprises 
any of the fifth to tenth optical heads, or the fifteenth to 
nineteenth optical heads; and 

moving means for moving the information record- 30 
ing media and the optical head relative to each other. 
[0058] A computer of the present invention comprises 
an optica! information recording and reproduction appa- 
ratus, which includes any of the optical heads, as an ex- 
ternal storage device. 35 
[0059] An image recording device of the present in- 
vention comprises an optical information recording and 
reproduction apparatus that includes any of the optical 
heads, wherein it can at least record moving images 
from among recording moving images onto and repro- *o 
ducing moving images from an information recording 
medium. 

[0060] An image reproduction device of the present 
invention comprises an optical information recording 
and reproduction apparatus that includes any of the op- 45 
tical head, wherein it reproduces images from an infor- 
mation recording medium. 

[0061 ] A server of the present invention comprises an 
optical information recording and reproduction appara- 
tus, which includes any of the optical heads, as an ex- so 
ternal storage device. 

[0062] A car navigation system of the present inven- 
tion comprises an optical information recording and re- 
production apparatus, which includes any of the optical 
heads, as an external storage device. 55 



Brief Description of the Drawings 
[0063] 

FIG. 1 A is a structural diagram showing how a high 
density optical disk is recorded and reproduced ac- 
cording to the first embodiment of the present in- 
vention. 

FIG. 1 B is a structural diagram showing how a DVD 

is recorded and reproduced according to the first 

embodiment of the present invention. 

FIG. 1C is a structural diagram showing how a CD 

is recorded and reproduced according to the first 

embodiment of the present invention. 

FIG. 2A is a view of an upper surface of a dichroic 

hologram used in the first embodiment of the 

present invention. 

FIG. 2B is a view of a rear surface of the dichroic 
hologram used in the first embodiment of the 
present invention. 

FIG. 3 is a cross-sectional view of the dichroic holo- 
gram used in the first embodiment of the present 
invention. 

FIG. 4A is a schematic view of wavefronts after light 
of wavelength A2 has passed through the dichroic 
hologram used in the first embodiment of the 
present invention. 

FIG. 4B is a schematic diagram of the wavefronts 
that are calculated by ignoring the integer portions 
of the wavelength of the wavefronts in FIG. 4A. 
FIG. 5 is a conceptual diagram showing the diffrac- 
tion efficiency of light that is diffracted by the dich- 
roic hologram used in the first embodiment of the 
present invention. 

FIG. 6 A is a schematic view of a wavefront of the 
light of wavelength ^3 after it has passed through 
the dichroic hologram used in the first embodiment 
of the present invention. 

FIG. 6 B is a schematic view of the wavefront of FIG. 
6 A that is calculated ignoring the integer portion of 
the wavelength. 

FIG. 7 is a cross-sectional view of a separate dich- 
roic hologram to that used in the first embodiment 
of the present invention. 

FIG. 8A is a schematic view of a wavefront of the 
light of wavelength X2 after it has passed through 
the dichroic hologram used in the first embodiment 
of the present invention. 

FIG. 8 Bis a schematic view of the wavefront of FIG. 
8 A that is calculated ignoring the integer portion of 
the wavelength. 

FIG. 8C is a schematic view of a wavefront of the 
light of wavelength X3 after it has passed through 
the dichroic hologram used in the first embodiment 
of the present invention. 

FIG. 8 D is a schematic view of the wavefront of FIG. 
8C that is calculated ignoring the integer portion of 
the wavelength. 
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FIG. 9A is a conceptual diagram showing the dif- 
fraction efficiency of the light that is diffracted by the 
dichroic hologram that is used in the first embodi- 
ment of the present invention. 

FIG. 9B is a conceptual diagram showing the trans- 5 
mittance of the light that is diffracted by the dichroic 
hologram that is used in the first embodiment of the 
present invention. 

FIG. 10 is a schematic view showing the principal 
directions of the light that is diffracted by the dichroic to 
hologram that is used in the first embodiment of the 
present invention. 

FIG. 11 is a structural diagram of an optical disk 
drive according to the first embodiment of the 
present invention. 15 
FIG. 1 2 A is a schematic view of the optical disk drive 
according to the first embodiment of the present in- 
vention when recording onto and reproducing infor- 
mation from a disk, when the distance between the 
disk and focusing means is WD1 . 20 
FIG. 1 2B is a schematic view of the optical disk drive 
according to the first embodiment of the present in- 
vention when recording onto and reproducing infor- 
mation from a disk, when the distance between the 
disk and focusing means is WD2. 25 
FIG. 12C is a schematic view of the optical disk 
drive according to the first embodiment of the 
present invention when recording onto and repro- 
ducing information from a disk, when the distance 
between the disk and focusing means is WD3. 30 
FIG. 1 3A is a schematic view of a conventional op- 
tical disk drive when recording onto and reproduc- 
ing information from a disk, when the distance be- 
tween the disk and focusing means is WDa. 
FIG. 13B is a schematic view of the conventional 35 
optical disk drive when recording onto and repro- 
ducing information from a disk, when the distance 
between the disk and focusing means is WDb. 
FIG. 14A is a structural view of associated circuits 
of an optical head according to the first embodiment *o 
of the present invention. 

FIG. 14B is a structural view according to a separate 
example of associated circuits of the optical head 
according to the first embodiment of the present in- 
vention. 45 
FIG. 15 is an outline of a signal that is output from 
the associated circuit of the optical head according 
to the first embodiment of the present invention. 
FIG. 16A is a structural diagram of the manner in 
which a high density optical disk is recorded and 50 
reproduced in an optical system according to a sec- 
ond embodiment of the present invention. 
FIG. 1 6B is a structural view of the manner in which 
a DVD is recorded and reproduced in an optical sys- 
tem according to the second embodiment of the 55 
present invention. 

FIG. 17A is a view of an upper surface of a dichroic 
hologram that is used in the second embodiment of 



the- present invention. 

FIG. 17B is a view of a rear surface of a dichroic 
hologram that is used in the second embodiment of 
the present invention. 

FIG. 18A is a structural diagram of a separate ex- 
ample of the manner in which a high density optical 
disk is recorded and reproduced in the optical sys- 
tem according to the second embodiment of the 
present invention. 

FIG. 1 8B is a structural diagram of a separate ex- 
ample of the manner in which a DVD is recorded 
and reproduced in the optical system according to 
the second embodiment of the present invention. 
FIG. 1 9 A is a view of an upper surface of a separate 
example of a dichroic hologram that is used in the 
second embodiment of the present invention. 
FIG. 1 9B is a view of a rear surface of a separate 
example of a dichroic hologram that is used in the 
second embodiment of the present invention. 
FIG. 20A is a structural diagram of the manner in 
which a high density optical disk is recorded and 
reproduced in an optical system according to a third 
embodiment of the present invention. 
FIG. 20B is a structural diagram of the manner in 
which a DVD is recorded and reproduced in the op- 
tical system according to the third embodiment of 
the present invention. 

FIG. 20C is a structural diagram of the manner in 
which a CD is recorded and reproduced in the op- 
tical system according to the third embodiment of 
the present invention. 

FIG. 21 A is a view of an upper surface of a dichroic 
hologram that is used in the third embodiment of the 
present invention. 

FIG. 21 B is a view of a rear surface of the dichroic 
hologram that is used in the third embodiment of the 
present invention. 

FIG. 21C is a cross-sectional view of the dichroic 
hologram that is used in the third embodiment of the 
present invention. 

FIG. 22 is a cross-sectional view of the dichroic 
hologram according to the third embodiment of the 
present invention. 

FIG. 23A is a schematic view of a wavefront of the 
light of wavelength X2 after it has passed through 
the dichroic hologram used in the third embodiment 
of the present invention. 

FIG. 23B is a schematic view of the wavefront of 
FIG. 23A that is calculated ignoring the integer por- 
tion of the wavelength. 

FIG. 24 is a conceptual diagram showing the dif- 
fraction efficiency of light that is diffracted by the di- 
chroic hologram used in the third embodiment of the 
present invention. 

FIG. 25A is a schematic view of a wavefront of the 
light of wavelength A3 after it has passed through 
the dichroic hologram used in the third embodiment 
of the present invention. 
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FIG. 25B is a schematic view of the wavefront of 
FIG. 25A that is calculated ignoring the integer por- 
tion of the wavelength. 

FIG. 26 is a structural diagram of an optical head 
according to a fourth embodiment of the present in- s 
vention. 

FIG. 27 A is a structural overview of an objective 
lens drive apparatus according to the fourth embod- 
iment of the present invention. 

FIG. 27B is a lateral view of the objective lens drive 10 
apparatus according to the fourth embodiment of 
the present invention. 

FIG. 28 is an overview showing the structure of an 
optical head according to a fifth embodiment of the 
present invention. 15 
FIG. 29A is a plan view of a phase plate according 
to the fifth embodiment of the present invention. 
FIG. 29B is a lateral view of the phase plate accord- 
ing to the fifth embodiment of the present invention. 
FIG. 30 is a diagram of wavefront aberration ac- 20 
cording to the fifth embodiment of the present in- 
vention. 

FIG. 31 is a structural diagram of an optical head 
according to a sixth embodiment of the present in- 
vention. 25 
FIG. 32 A is a plan view of a phase plate according 
to the sixth embodiment of the present invention. 
FIG. 32B is a lateral view of the phase plate accord- 
ing to the sixth embodiment of the present inven- 
tion. 30 
FIG. 33 is a diagram of the wavefront aberration ac- 
cording to the sixth embodiment of the present in- 
vention. 

FIG. 34 is a structural diagram of an optical head 
according to a seventh embodiment of the present 35 
invention. 

FIG. 35 A is a plan view of a phase plate according 
to the seventh embodiment of the present invention. 
FIG. 35 B is a lateral view of the phase plate accord- 
ing to the seventh embodiment of the present inven- 40 
tion. 

FIG. 36 is a diagram of the wavefront aberration ac- 
cording to the seventh embodiment of the present 
invention. 

FIG. 37 is a structural diagram of an optical head 45 
according to an eighth embodiment of the present 
invention. 

FIG. 38 is a structural diagram of a mirror according 
to the eighth embodiment of the present invention. 
FIG. 39 A is a plan view of a phase plate according so 
to a ninth embodiment of the present invention. 
FIG. 39B is a lateral view of the phase plate accord- 
ing to the ninth embodiment of the present inven- 
tion. 

FIG. 40 is a structural diagram of an optical head 55 
according to a tenth embodiment of the present in- 
vention. 

FIG. 41 A is a plan view of a liquid crystal hologram 



according to the tenth embodiment of the present 
invention. 

FIG. 41 B is a lateral view of the liquid crystal holo- 
gram according to the tenth embodiment of the 
present invention. 

FIG. 42A is a plan view of a phase plate according 
to the tenth embodiment of the present invention. 
FIG. 42B is a lateral view of the phase plate accord- 
ing to the tenth embodiment of the present inven- 
tion. 

FIG. 43 is a structural diagram of an optical head 
according to an eleventh embodiment of the 
present invention. 

FIG. 44 is a structural diagram of an objective lens 
drive apparatus according to the eleventh embodi- 
ment of the present invention. 
FIG, 45 is a diagram used to describe the manner 
in which the objective lens is tilted. 
FIG. 46 is a diagram used to describe positions of 
three spots according to the eleventh embodiment 
of the present invention. 

FIG. 47 is a structural diagram of the optical head 
according to the eleventh embodiment of the 
present invention. 

FIG. 48 is a structural diagram of an optical head 
according to a twelfth embodiment of the present 
invention. 

FIG. 49A is a cross -sectional view of an objective 
lens according to the twelfth embodiment of the 
present invention. 

FIG. 49 B is a view of a rear surface of the objective 
lens according to the twelfth embodiment of the 
present invention. 

FIG. 50 is a diagram used to describe tilt detection 
according to the twelfth embodiment of the present 
invention. 

FIG. 51 is a structural diagram of an optical head 
according to a thirteenth embodiment of the present 
invention. 

FIG. 52 is an overview of an optical disk drive that 
uses an optical head according to the present in- 
vention. 

FIG. 53 is an external view of a personal computer 
that uses the optical disk drive of the present inven- 
tion. 

FIG. 54 is an external view of an optical disk record- 
er that uses the optical disk drive of the present in- 
vention. 

FIG. 55 is an external view of an optical disk player 
that uses the optical disk drive of the present inven- 
tion. 

FIG. 56 is an external view of a server that uses the 
optical disk drive of the present invention. 
FIG. 57 is a car navigation system that uses the op- 
tical disk drive of the present invention. 
FIG. 58 A is a structural diagram showing the man- 
ner in which a DVD is recorded and reproduced by 
an optical head according to a first conventional ex- 
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ample. 

FIG. 58B is a structural diagram showing the man- 
ner in which a CD is recorded and reproduced by 
the optical head according to the first conventional 
example. 

FIG. 59 is a cross-sectional view of a dichroic holo- 
gram according to the first conventional example. 
FIG. 60 A is a schematic view of a wavefront of the 
light of wavelength A2 after it has passed through 
the dichroic hologram used in the first conventional 
example. 

FIG. 60B is a schematic view of the wavefront of 
FIG. 60A that is calculated ignoring the integer por- 
tion of the wavelength. 

FIG. 61 is a structural diagram of an optical head 
according to a second conventional example. 
FIG. 62A is a plan view of a phase plate according 
to the second conventional example. 
FIG. 62B is a lateral view of the phase plate accord- 
ing to the second conventional example. 
FIG. 63 is a structural diagram of an objective lens 
according to a third conventional example. 
FIG. 64 is a diagram that is used to explain the po- 
sition of three spots according to the third conven- 
tional example. 

Best Mode for Carrying Out the Invention 

[0064] According to a first optical element of the 
present invention, since light of a wavelength 380 to 420 
nm can pass with favorable efficiency, and light of a 
wavelength 630 to 680 nm can be diffracted with favo- 
rable efficiency, a wavefront of light of different wave- 
lengths can be converted with little loss. Furthermore, 
manufacturing can be simplified, since it has two step 
grooves. 

[0065] According to a second optical element of the 
present invention, since light of a wavelength 380 to 420 
nm can pass with favorable efficiency, and light of a 
wavelength 630 to 680 nm can be diffracted with favo- 
rable efficiency, a wavefront of light of different wave- 
lengths can be converted with little loss. Furthermore, 
the efficiency of the light that is diffracted can be in- 
creased further, since it has four step grooves. 
[0066] In the second optical element it is preferable 
that the depth of the grooves is lined up in the order: 
depth 2d, depth 4d, depth d, depth 3d, or in the order: 
depth 3d, depth d, depth 4d, depth 2d. The efficiency of 
the light that is diffracted can be increased further in this 
configuration. 

[0067] Furthermore, it is preferable that the grooves 
are formed in concentric ring-shapes. According to this 
configuration, light that has a flat wavefront that is inci- 
dent on the optical element as coilimated light can be 
converted to a converging wavefront or a diverging 
wavefront. Furthermore, it is also possible to add or re- 
move spherical aberration at the same time. 
[0068] Furthermore, it is preferable that the grooves 



are adjacent via a portion in which no grooves are 
formed, and the width of each step. of the grooves, is 
substantially the same as the width of the portion in 
which no grooves are formed. According to this config- 

5 uration, manufacturing is simplified, and the efficiency 
of diffracted light can be increased. 
[0069] According to a first optical head of the present 
invention, a first light passes through the optical element 
with favorable efficiency and can record onto and repro- 

10 duce from the first optical information medium, and a 
second light is diffracted by the optical element with fa- 
vorable efficiency and can record onto and reproduce 
from the second optical information medium. Further- 
more, manufacturing can be simplified, since it is a two 

15 step groove. 

[0070] According to a second optical head of the 
present invention, the first light passes through the op- 
tical element with favorable efficiency and can record 
onto and reproduce from the first optical information me- 

20 dium, and the second light is diffracted by the optical 
element with favorable efficiency and can record onto 
and reproduce from the second optical information me- 
dium. Furthermore, the efficiency of the light that is dif- 
fracted improves since the optical element has four step 

25 grooves. 

[0071] In the first and the second optical heads, it is 
preferable that the depth of the grooves is lined up in 
the order depth 2d, depth 4d, depth d, depth 3d, or in 
the order: depth 3d, depth d, depth 4d, depth 2d. The 
30 efficiency of the light that is diffracted can be increased 
further according to this configuration. 
[0072] Furthermore, it is preferable that the second 
wavelength is 1 .5 to 1 .8 times the length of the first 
wavelength . According to this configuration, the efficien- 
ts cy of the light that is diffracted can be increased further. 
[0073] Furthermore, it is preferable that the grooves 
of the optical element are formed on a face that is close 
to the focusing means. According to this configuration, 
by bringing the focusing means closer to the grooves 
40 face of the optical element , manufacturing can be sim- 
plified because groove interval can be large even when 
making similar wavefront. 

that contains the grooves, the efficiency of the light that 
is diffracted can be further increased. 
45 [0074] Furthermore, it is preferable that as for light of 
the second wavelength that is diffracted by the optical 
element, the light that diverges is stronger than the light 
that converges with respect to incident light. According 
to this configuration, since the focal length of the diffract- 
so ed light can be extended, the working distance can be 
substantially fixed even when recording onto and repro- 
ducing from a disk whose substrate thickness is thick. 
[0075] Furthermore, it is preferable that the optical el- 
ement corrects the aberration to not more than 70 mX 
55 when light of the second wavelength that is diffracted by 
the optical element is focused on an information surface 
of a second information recording medium. According 
to this configuration, information can be recorded and 
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reproduced reliably since the aberration of the diffracted 
light can be corrected to a sufficiently small amount 
when information is recorded onto and reproduced from 
the second information recording medium. 
[0076] According to a third optical head of the present 5 
invention, the structure is simplified since a single opti- 
cal element converts the wavefront of the second light 
and the third light, whose aberration was corrected. Fur- 
thermore, since the third optical head is provided with 
grooves whose depth is in two steps, through which the 
first light passes with favorable efficiency, and the sec- 
ond light is diffracted with favorable efficiency, the wave- 
front of light of different wavelength can be converted 
with less losses. Moreover, manufacturing can be sim- 
plified, because it is a two step groove. 
[0077] According to a fourth optical head of the 
present invention, manufacturing can be simplified be- 
cause a single optical element converts the wavefronts 
of the second light and the third light, whose aberrations 
were corrected. Furthermore, since the third optical 
head is provided with grooves whose depth is in four 
steps, the wavelength of light of different efficiencies can 
be converted with less loss because the first light passes 
with favorable efficiency, and the second light is diffract- 
ed with favorable efficiency. Moreover, the utilization ef- 
ficiency of the light can be improved because it is a four 
step groove. ... 

[0078] In a third and a fourth optical head, it is prefer- 
able that the depth of the grooves is lined up in the order: 
depth 2d, depth 4d, depth d, depth 3d, or in the order 
depth 3d, depth d, depth 4d, depth 2d. According to this 
configuration, the efficiency of the light that is diffracted 
can be increased further. 

[0079] Furthermore, it is preferable that the second 
wavelength is 1.5 to 1.8 times the length of the first 
wavelength, and that the third wavelength is 1 .8 to 2.2 
times the length of the first wavelength. According to this 
configuration, the utilization efficiency of the light can be 
increased further. 

[0080] Furthermore, it is preferable that when a first 
region is a substantially circle-shaped region in the cen- 
tral vicinity of the first optical element, a second region 
is a substantially ring-shaped region that surrounds the 
first region, and a third region is a region on the outside 
of the second region, 

light of the first wavelength passes through the 
first, second and third region, light of the second wave- 
length passes through the first and second region, and 
light of the third wavelength passes through the first re- 
gion. According to this configuration, information can be 
reliably recorded and reproduced because the light of 
each wavelength is converted optimally wavefront using 
different regions of a single optical element. 
[0081 ] Furthermore, it is preferable that as for light of 
the second wavelength and third wavelength that are 
diffracted by the first optical element, the light that di- 
verges is stronger than the light that converges with re- 
spect to incident light. According to this configuration, 



since the focal length of the diffracted light can be ex- 
tended, the working distance can be substantially fixed 
even when recording onto and reproducing from a disk 
whose substrate thickness is thick. 
[0082] Furthermore, it is preferable that the third and 
fourth optical heads provide phase correcting means for 
correcting the aberration of light of the second wave- 
length that is diffracted by the first optical element to not 
more than 70 mX when light of the second wavelength 
is focused on the information surface of the second in- 
formation recording medium, and 

for correcting the aberration of light of the third 
wavelength that is diffracted by the first optical element 
to not more than 70 mX when light of the third wave- 
length is focused on the information surface of the third 
information recording medium, 

wherein the phase correcting means does not 
change the phase of light of the first wavelength, and 
wherein the phase correcting means is provided in the 
light path between the light sources and the optical in- 
formation recording medium. According to this configu- 
ration, since aberration of the diffracted light can be cor- 
rected to a sufficiently small amount during recording 
and reproduction of the second information recording 
medium and the third information recording medium, in- 
formation can be recorded and reproduced reliably. 
[0083] Furthermore, it is preferable that a second op- 
tical element is further provided that passes light of the 
first wavelength and light of the third wavelength, and 
diffracts light of the second wavelength; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the two optical elements, after which they 
are focused by the focusing means, and irradiated onto 
the optical information recording medium. According to 
this configuration, the aberration can be corrected to an 
even smaller amount and the information can be reliably 
recorded and reproduced because two optical elements 
are used for converting the wavefronts to correct the ab- 
erration of the second light and of the third light. 
[0084] Furthermore, it is preferable that a second op- 
tical element is further provided that passes light of the 
first wavelength and light of the third wavelength, and 
diffracts light of the second wavelength; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the two optical elements, after which they 
are focused by the focusing means, and irradiated onto 
the optical information recording medium; 

wherein the second optical element is an optical 
element in which grooves are formed in a substrate: 

wherein the expression: 

760 nm < (n1 - 1) X d < 840 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
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step of the grooves; and 

wherein the grooves are formed in two steps of 
depth d and depth 2d. According to this configuration, 
the aberration can be corrected to an even smaller 
amount and the information can be recorded and repro- 5 
duced reliably because two optical elements are used 
to convert the wavef ronts to correct the aberration of the 
second light and of the third light. Moreover manufac- 
turing can be simplified, because it is a two step groove. 
[0085] Furthermore, it is preferable that a second op- 
tical element is further provided that passes light of the 
first wavelength and light of the third wavelength, and 
diffracts light of the second wavelength; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the two optical elements, after which they 
are focused by the focusing means, and irradiated onto 
the optical information recording medium; 

wherein the second optical element is an optical 
element in which grooves are formed in a substrate; 

wherein the expression: 

760 nm < (n - 1 ) x d < 840 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; and 

wherein the grooves are formed in three steps of 
depth d, depth 2d, depth 3d. According to this configu- 
ration the aberration can be corrected to an even smaller 
amount and the information can be reliably recorded 
and reproduced because two optical elements are used 
to convert the wavef ronts to correct the aberration of the 
second light and of the third light. Furthermore, the uti- 
lization efficiency of the light can be increased because 
the second optical element has three-step grooves. 
[0086] Furthermore, it is preferable that a second op- 
tical element is further provided that passes light of the 
first wavelength and light of the third wavelength, and 
diffracts light of the second wavelength, 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the two optical elements, after which they 
are focused by the focusing means, and irradiated onto 
the optical information recording medium; 

wherein the first optical element and the second 
optical element are formed on a top and a rear of a single 
substrate. According to this configuration, the single op- 
tical element can be provided with two functions, so that 
the configuration of the optical head is simplified. 
[0087] Furthermore, it is preferable that a second op- 
tical element is further provided that passes light of the 
first wavelength and light of the third wavelength, and 
diffracts light of the second wavelength, 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the two optical elements, after which they 



are focused by the focusing means, and irradiated onto 
the optical information recording medium; and 

wherein the first optical element and the second 
optical element are formed on atop and a rear of a single 
substrate, and the face on which the second optical el- 
ement is formed, of the two faces of the single substrate, 
is closer to the focusing means. According to this con- 
figuration, manufacturing is facilitated because by caus- 
ing the focusing means and a face of the grooves of the 
second optical element to come closer, the groove in- 
terval can be increased even when making similar 
wavef ronts for the second information recording media, 
which requires a smaller groove interval. 
[0088] Furthermore, it is preferable that a second op- 
tical element is further provided that passes light of the 
first wavelength and light of the third wavelength, and 
diffracts light of the second wavelength; 

wherein light of the first wavelength, light of the 
second wavelength and light of the third wavelength 
pass through the two optical elements, after which they 
are focused by the focusing means, and irradiated onto 
the optical information recording medium; and 

wherein the first and second optical elements cor- 
rect the aberration of light of the second wavelength that 
is diffracted by the first and the second optical elements 
to not more than 70 mX when it is focused on the infor- 
mation surface of the second information recording me- 
dium, and correct the aberration of light of the third 
wavelength that is diffracted by the first optical element 
to not more than 70 mX when it is focused on the infor- 
mation surface of the third information recording medi- 
um. According to this configuration, information can be 
recorded and reproduced reliably because the aberra- 
tion can be corrected to a sufficiently small amount when 
the diffracted light records onto and reproduces from the 
second information recording medium and the third in- 
formation recording medium. 

[0089] Furthermore, it is preferable that when a dis- 
tance between the surface of the first information re- 
cording medium on the focusing means side, and the tip 
of the focusing means on the side of the first information 
recording medium is WD1 when light of the first wave- 
length is irradiated onto the first information recording 
medium, and 

a distance between the surface of the second in- 
formation recording medium on the focusing means 
side, and the tip of the focusing means on the side of 
the second information recording medium is WD2 when 
light of the second wavelength is irradiated onto the sec- 
ond information recording medium, and 

a distance between the surface of the third infor- 
mation recording medium on the focusing means side, 
and the tip of the focusing means on the side of the third 
information recording medium is WD3 when light of the 
third wavelength is irradiated onto the third information 
recording medium, 

a difference between the maximum value and the 
minimum value of WD1 , WD2 and WD3 is smaller than 
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the maximum value of the diameter of the focusing 
means. According to this configuration, the height of the 
focusing means can be stabilized further and informa- 
tion can be recorded and reproduced with greater relia- 
bility, even when recording and reproducing information 
on different types of information recording media. 
[0090] Furthermore, it is preferable that when a dis- 
tance between the surface of the first information re- 
cording medium on the focusing means side, and the tip 
of the focusing means on the side of the first information 
recording medium is WD1 when light of the first wave- 
length is irradiated onto the first information recording 
medium, and 

a distance between the surface of the second in- 
formation recording medium on the focusing means 
side, and the tip of the focusing means on the side of 
the second information recording medium is WD2 when 
light of the second wavelength is irradiated onto the sec- 
ond information recording medium, and 

a distance between the surface of the third infor- 
mation recording medium on the focusing means side, 
and the tip of the focusing means on the side of the third 
information recording medium is WD3 when light of the 
third wavelength is irradiated onto the third information 
recording medium, 

- WD1 , WD2 and WD3 are substantially equivalent. 
According to this configuration, since the height of the 
focusing means is substantially the same, the optical 
head can be small. 

[0091] . In any of the first to fourth optical heads, it is 
preferable that they further a comprise converter for 
converting a plurality of signals, which are received in 
parallel and are output from the photodetecting means, 
into a serial signal. According to this configuration, fab- 
rication of the optical head can be facilitated because 
the number of signal lines that link the optical head and 
the drive can be reduced. 

[0092] It is also preferable that they further comprise 
a converter for converting a plurality of signals, which 
are received in parallel and are output from the photo- 
detecting means, into a serial signal, wherein the serial 
signal is an electrical signal. According to this configu- 
ration, the signal is easier to manage. 
[0093] It is also preferable further to comprise a first 
converter for converting a plurality of signals, which are 
output from the photodetecting means and are received 
in parallel, into a serial signal; and a second converter 
for receiving the electric signal that is output from the 
first converter and for converting the electric signal into 
an optical signal. According to this configuration, there 
is no deterioration of even a high frequency signal be- 
cause the signal is converted to an optical signal, and 
the signal can be output with less noise. 
[0094] According to a first optical information record- 
ing and reproduction apparatus of the present invention, 
a first information recording medium can be recorded 
and reproduced by passing a first light through an optical 
element with favorable efficiency, and a second infor- 



mation recording medium can be recorded and repro- 
duced by diffracting a second light with favorable effi- 
ciency through the optical element. Furthermore, man- 
ufacturing can be simplified, since it has two step 
5 grooves. 

[0095] According to a second optical information re- 
cording and reproduction apparatus of the present in- 
vention, a first information recording medium can be re- 
corded and reproduced by passing a first light with fa- 

10 vorable efficiency through an optical element, and a sec- 
ond information recording medium can be recorded and 
reproduced by diffracting a second light with favorable 
efficiency through the optical element. Furthermore, the 
efficiency of the diffracted light is further improved be- 

15 cause the optical element has four step grooves. 

[0096] It is preferable that the second optical element 
of the second optical recording and reproduction appa- 
ratus of the present invention comprises grooves whose 
depth is lined up in the order depth 2d, depth 4d, depth 

20 d, depth 3d, or in the order depth 3d, depth d, depth 4d, 
depth 2d. According to this configuration, the efficiency 
of the diffracted light can be further improved. 
[0097] According to a third optical information record- 
ing and reproduction apparatus of the present invention, 

25 the structure is simplified because a single optical ele- 
ment can convert the wavef ront of a second light and a 
third light to correct aberration. Furthermore, since the 
third optical information recording and reproduction ap- 
paratus provides grooves that have a depth of two steps, 

30 and the first light passes with favorable efficiency and 
the second light is diffracted with favorable efficiency, 
the wavef ronts of light of different wavelength can be 
converted with little loss. Moreover, manufacturing can 
be simplified, since it has two step grooves. 

35 [0098] According to a fourth optical information re- 
cording and reproduction apparatus of the present in- 
vention, the structure is simplified because a single op- 
tical element can convert the wavef ront of a second light 
and a third light to correct aberration. Furthermore, since 

40 the fourth optical information recording and reproduc- 
tion apparatus provides grooves that have a depth of 
four steps, and the first light passes with favorable effi- 
ciency and the second light is diffracted with favorable 
efficiency, the wavef ronts of light of different wavelength 

45 can be converted with little loss. Moreover, the efficiency 
of the diffracted light is further improved because the 
optical element has four step grooves. 
[0099] In the third and fourth optical information re- 
cording and reproduction apparatuses of the present in- 

50 vention, it is preferable that a second optical element is 
further provided that passes light of the first wavelength 
and light of the third wavelength, and diffracts light of 
the second wavelength, and that light of the first wave- 
length, light of the second wavelength and light of the 

55 third wavelength pass through the two optical elements, 
after which they are focused by the focusing means and 
irradiated onto the optical information recording medi- 
um. According to this configuration, the aberration can 
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be corrected to an even smaller amount and the infor- 
mation can be recorded and reproduced reliably be- 
cause two optical elements are used to convert the 
wavefronts to correct the aberration of the second light 
and of the third light. 

[0100] According to a third optical element of the 
present invention, light, the wavelength 380 to 420 nm 
can be passed with favorable efficiency, and the wave- 
front of light of wavelength 630 to 680 nm can be con- 
verted. 

[0101] In the third optical element of the present in- 
vention, it is preferable that the steps are formed in a 
concentric ring-shapes. According to this configuration, 
light that has a flat wavefront that is incident on the op- 
tical elgment as collimated light can be converted to a 
converging wavefront or a diverging wavefront. Further- 
more, it is also possible to add or remove spherical ab- 
erration at the same time. 

[01 02] According to a fifth optical head of the present 
invention, the wavelength 380 to 420 nm can be passed 
with favorable efficiency, and the wavefront of light of 
wavelength 630 to 680 nm can be converted. 
[01 03] According to a sixth optical head of the present 
invention, loss of light with respect to ultra high density 
optical disks (the first information recording medium) 
and DVDs (the second information recording medium) 
can be suppressed using a simply constructed phase 
plate. 

[0104] According to a seventh optical head of the 
present invention, generation of coma aberration can be 
decreased even when the focusing means is moved in 
the tracking direction because the degree of divergence 
of the light that is incident on the focusing means is 
small. 

[01 05] I n any of the fifth to seventh optical heads , it is 
preferable further to provide tilting means for tilting the 
focusing means. In this configuration, coma aberration 
can be cancelled out. 

[0106] According to an eighth optical head of the 
present invention, a tilting apparatus for the focusing 
means is not necessary because the light that is incident 
on the focusing means is collimated light, and the optical 
head can be simplified. 

[01 07] I n any of the fifth to eighth optical heads of the 
present invention, it is preferable that the optical ele- 
ment corrects the aberration of light of the second wave- 
length when it is focused on the information recording 
surface of the second information recording medium to 
not more than 70 mA,. According to this configuration, 
the wavefront aberration is less than the Marshall stand- 
ard 70mX, the optical head has a diffraction limit capa- 
bility, and information can be recorded and reproduced 
favorably. 

[01 08] According to a ninth optical head of the present 
invention, by providing an optical element that satisfies 
the expression, the wavefront of light of the second 
wavelength can be converted without substantially af- 
fecting the first light and the third light. 



[01 09] According to a tenth optical head of the present 
invention, by providing a liquid crystal element, if the liq- 
uid crystal element is in the OFF state when the ultra 
high density optical disk (the first information recording 
medium) and the DVD (the second information record- 
ing medium) are used, then the light is not affected, and 
if the liquid crystal element is in the ON state when the 
GD (the third information recording medium) is used, 
then the wavefront of the light can be converted. 
[0110] According to an eleventh optical head of the 
present invention, a high density first information record- 
ing medium can be recorded and reproduced by a first 
light, a second information recording medium can be re- 
corded and reproduced by a second light, and a third 
information recording medium can be recorded and re- 
produced by a third light. Furthermore, the structure is 
simplified because a single optical element converts the 
wavefronts to correct the aberration of the second light 
and the third light. 

[0111] In an eleventh optical head of the present in- 
vention, it is preferable that a second optical element is 
further provided that passes light of the first wavelength 
and light of the third wavelength, and diffracts light of 
the second wavelength, and 

that light of the first wavelength, light of the second 
wavelength and light of the third wavelength pass 
through the two optical elements, after which they are 
focused by the focusing means and irradiated onto the 
optical information recording medium. According to this 
configuration, the aberration can be corrected to an 
even smaller amount and the information can be record- 
ed and reproduced reliably because two optical ele- 
ments are used to convert the wavefronts to correct the 
aberration of the second light and of the third light. 
[0112] Furthermore, it is preferable that the second 
wavelength is 1 .5 to 1 .8 times the length of the first 
wavelength, and that the third wavelength is 1 .8 to 2.2 
times the length of the first wave length. Accordingto this 
configuration, the light utilization ratio can be increased 
further. 

[0113] Furthermore, it is preferable that when a first 
region is a substantially circle-shaped region in the cen- 
tral vicinity of the first optical element, a second region 
is a substantially ring -shaped region that surrounds the 
first region, and a third region is a region on the outside 
of the second region, 

light of the first wavelength passes through the 
first, second and third region, light of the second wave- 
length passes through the first and second region, and 
light of the third wavelength passes through the first re- 
gion. According to this configuration, information can be 
recorded and reproduced reliably because the light of 
each wavelength is converted optimally wavefront using 
different regions of a single optical element. 
[0114] It is also preferable that as for light of the sec- 
ond wavelength and light of the third wavelength that is 
diffracted by the optical element, the light that diverges 
is stronger than the light that converges with respect to 
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incident light. According to this configuration, since the 
focal length of the diffracted light can be extended, the 
working distance can be substantially fixed even when 
recording onto and reproducing from a disk whose sub- 
strate thickness is thick. 

[0115] It is also preferable that phase correcting 
means for correcting the aberration of light of the second 
wavelength that is diffracted by the first optical element 
to not more than 70 mX. when light of the second wave- 
length is focused on the information surface of the sec- 
ond information recording medium, and 

for correcting the aberration of light of the third 
wavelength that is diffracted by the first optical element 
to not more than 70 mX when light of the third wave- 
length is focused on the information surface of the third 
information recording medium, is provided in the light 
- - •■ path between the light sources and the optical informa- 
tion recording medium, 

wherein the phase correcting means does not change 
the phase of light of the first wavelength. According to 
this configuration, information can be recorded and re- 
produced reliably because diffracted light can correct 
the aberration to a sufficiently small amount when infor- 
mation is recorded and reproduced for the second infor- 
mation recording medium and the third information. 
[01 16] It is also preferable that the second optical el- 
ement is an optical element in which grooves are formed 
in a substrate; 

wherein the expression: 

760 nm < (n - 1) x d < 840 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; and 

wherein the grooves are formed in two steps of 
depth d and depth 2d. According to this configuration, 
the aberration can be corrected to an even smaller 
amount and the information can be recorded and repro- 
duced reliably because two optical elements are used 
to convert the wavefronts to correct the aberration of the 
second light and of the third light. Furthermore, manu- 
facturing can be simplified, since it has two step 
grooves. 

[0117] It is also preferable that the second optical el- 
ement is an optical element in which grooves are formed 
in a substrate; 

wherein the expression: 

760 nm < (n - 1) x d < 840 nm 

is satisfied, where n is a refractive index of the substrate 
at a wavelength of 400 nm, and d (nm) is a depth per 
step of the grooves; and 

wherein the grooves are formed in three steps of 
depth d, depth 2d and depth 3d. According to this con- 



figuration, the aberration can be corrected to an even 
smaller amount and the information can be recorded 
and reproduced reliably because two optica I elements 
are used to convert the wavefronts to correct the aber- 
5 ration of the second light and of the third light. Further- 
more, the utilization efficiency of the light can be in- 
creased because the second optical element has three 
step grooves. 

[0118] It is also preferable that the first optical element 
10 and the second optical element are formed on a top and 
a rear of a single substrate. According to this configura- 
tion, the single optical element can be provided with two 
functions, so that the configuration of the optical head 
is simplified. 

is [0119] It is also preferable that the first optical element 
and the second optical element are formed on a top and 
a rear of a single substrate, and that the face on which 
the second optical element is formed, of the two faces 
of the single substrate, is closer to the focusing means. 

20 According to this configuration, manufacturing is facili- 
tated because by causing the focusing means and a 
face of the grooves of the second optical element to 
come closer, the groove interval can be increased even 
when making similar wavefronts for the second informa- 

25 tion recording media, which requires a smaller groove 
interval. 

[0120] It is also preferable that the first and second 
optical elements correct the aberration of light of the 
second wavelength that is diffracted by the first and the 

30 second optical elements to not more than 70 mA. when 
it is focused on the information surface of the second 
information recording medium, and correct the aberra- 
tion of light of the third wavelength that is diffracted by 
the first optical element to not more than 70 mA. when it 

35 is focused on the information surface of the third infor- 
mation recording medium. According to this configura- 
tion, information can be recorded and reproduced relia- 
bly because the aberration can be corrected to a suffi- 
ciently small amount when the diffracted light records 

40 onto and reproduces from the second information re- 
cording medium and the third information recording me- 
dium. 

[0121] According to a twelfth optical head of the 
present invention, the height of the focusing means can 
45 be stabilized further and information can be recorded 
and reproduced with greater reliability, even when re- 
cording and reproducing information on different types 
of information recording media. 

[0122] According to a thirteenth optical head of the 
50 present invention, the height of the focusing means is 
substantially the same, and information can be recorded 
and reproduced with greater reliability, even when re- 
cording and reproducing information on different types 
of information recording media. 
55 [0123] According to a fourteenth optical head of the 
present invention, fabrication of the optical head can be 
facilitated because the number of signal lines that link 
the optical head and the drive can be reduced. 
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[0124] In the fourteenth optical head of the present 
invention, it is preferable that the serial signal is an elec- 
trical signal. According to this configuration, the signal 
is easier to manage. 

[0125] Furthermore, it is preferable further to provide 5 
a second converter for receiving the electric signal that 
is output from the first converter and for converting the 
electric signal into an optical signal. According to this 
configuration, there is no deterioration of even a high 
frequency signal because the signal is converted to an 10 
optical signal, and the signal can be output with less 
noise. 

[0126] According to a fifth optical information record- 
ing and reproduction apparatus of the present invention, 
a high density first information recording medium can 15 
be recorded and reproduced by a first light, a second 
information recording medium can be recorded and re- 
produced by a second light, and a third information re- 
cording medium can be recorded and reproduced by a 
third light. Furthermore, the structure is simplified be- 20 
cause a single optical element converts the wavefronts 
to correct the aberration of the second light and the third 
light. 

[01 27] I n the fifth optical information recording and re- 
production apparatus of the present invention, it is pref- 25 
erable that a second optical element is further provided 
that passes light of the first wavelength and light of the 
third wavelength, and diffracts light of the second wave- 
length, and 

that light of the first wavelength, light of the second 30 
wavelength and light of the third wavelength pass 
through the two optical elements, after which they are 
focused by the focusing means and irradiated onto the 
optical information recording medium. According to this 
configuration, the aberration can be corrected to an 35 
even smaller amount and the information can be record- 
ed and reproduced reliably because two optical ele- 
ments are used to convert the wavefronts to correct the 
aberration of the second light and of the third light. 
[0128] According to a fifteenth optical head of the <*o 
present invention, since the outside diameter of a first 
focusing means is small, a second optical means also 
can move to the most inner circumference position, and 
is capable of reading in the information at the innermost 
circumference position. 45 
[0129] According to a sixteenth optical head of the 
present invention, tilt sensing can be performed using a 
simple configuration by utilizing light of a wavelength 
that is not recording or reproducing information, such 
that it is not necessary to install a new tilt sensor, thus 50 
reducing costs. 

[0130] In the sixteenth optical head of the present in- 
vention, it is preferable that the first focusing means 
emits light onto the information recording medium 
whose substrate thickness is 1.2 mm, and second fo- 55 
cusing means emits light onto the information recording 
media whose substrate thickness is 0.1 mm and 0.6 
mm. 



[0131] It is also preferable that the first focusing 
means and the second focusing means are lined up in 
the tracking direction. According to this configuration, it 
is possible to use the DPP method or the three beam 
method, which are common tracking detection methods, 
and favorable tracking detection can be performed. 
[01 32] According to a seventeenth optical head of the 
present invention, the tilt control can be prevented from 
interfering with the focus control, since the information 
recording medium on which it is preferable to perform 
tilt adjustment, whose substrate thickness is thinnest, is 
substantially in the center of a movable body. 
[0133] In the seventeenth optical head of the present 
invention, it is preferable to further provide tilting means 
that tilt the focusing means. 

[0134] According to an eighteenth and a nineteenth 
optical head of the present invention, tilt sensing can be 
performed using a simple configuration by utilizing light 
of a wavelength that is not recording or reproducing in- 
formation, such that it is not necessary to install a new 
tilt sensor, thus reducing costs. 

[0135] In the eighteenth and nineteenth optical head 
of the present invention, it is preferable that the first 
wavelength is in the range 380 to 420 nm. 
[0136] Furthermore, in the nineteenth optical head, it 
is preferable that the first focusing means and the sec- 
ond focusing means are lined up in the tracking direc- 
tion. According to this configuration, it is possible to use 
the DPP method or the three beam method, which are 
common tracking detection methods, and favorable 
tracking detection can be performed. 
[0137] It is also preferable that the second focusing 
means is provided with a region through which light of 
a second wavelength passes without being focused. Ac- 
cording to this configuration, the tilt of the first informa- 
tion recording medium can be detected using the light 
that passes through this region. 

[0138] It is also preferable that the second focusing 
means is provided with a region through which light of 
the second wavelength is focused onto the first informa- 
tion recording medium. According to this configuration, 
the tilt of the first information recording medium can be 
detected using the light that passes through this region. 
[0139] It is also preferable that a holder on which the 
first focusing means and the second focusing means is 
mounted : is provided with a through hole through which 
light of the second wavelength passes. According to this 
configuration, the tilt of the first information recording 
medium can be detected using light that passes through 
the hole in the holder. 

[0140] According to a liquid crystal element of the 
present invention, it is possible to change between a 
light influencing setting, and a setting in which the wave- 
front of the light is converted, depending on the type of 
information recording media. 

[0141] According to a computer, an image recording 
apparatus, a moving image reproduction apparatus, a 
server and a car navigation system of the present inven- 
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tion, information canbe recorded onto and reproduced 
from different types of optical disks reliably, and they can 
be used over a wide range of applications. 
[0142] Hereinafter, an embodiment of the present in- 
vention is described with reference to drawings. On 
each drawing given below, the same symbols are given 
to parts that perform the same action. 

First Embodiment 

[0143] FIG. 1 shows a structural view of an optical 
head 20 according to a first embodiment of the present 
invention. The optical head 20 is capable of at least ei- 
ther recording to or reproducing from (referred to below 
as "recording and reproduction") an optical disk. FIG. 
1 A shows the recording and reproduction state of a high 
density optical disk whose substrate thickness is thin, 
FIG. 1 B shows the recording and reproduction state of 
a DVD, and FIG. 1 C shows the recording and reproduc- 
tion state of a CD. 

[0144] The optical head 20 is provided with three 
types of light source; a blue semiconductor laser 21 
(light source of a first wavelength) of a wavelength of 
approximately 400 nm (380 nm to 420 nm), a red sem- 
iconductor laser 22 (light source of a second wave- 
length) of a wavelength of 630 nm to 680 nm, and an 
infrared semiconductor laser 23 (light source of a third 
wavelength) of a wavelength of 780 nm to 820 nm. 
[0145] When recording and reproducing a high den- 
sity optical disk 30 (FIG. 1 A), light of a wavelength A.1 
emitted from the blue semiconductor laser 21 passes 
through wavelength selecting prisms 24 and 25, and is 
converted to collimated light by a collimator lens 26. The 
light that was made parallel is reflected by a beam split- 
ter 27, passes through a dichroic hologram (optical ele- 
ment) 28, is converted to convergent light by an objec- 
tive lens (focusing means) 29 and is irradiated onto the 
high density optical disk (a first information recording 
medium) 30. 

[0146] The numerical aperture (NA) of the objective 
lens 29 is 0.85, and the substrate thickness of the high 
density optical disk is assumed to be 0.1 mm. The ob- 
jective lens 29 is designed such that the aberration is at 
a minimum, that is to say, such that the standard devi- 
ation of the wavefront aberration is at a minimum when 
the blue light of wavelength X1 is irradiated onto the disk 
of substrate thickness 0.1 mm. Furthermore, the dich- 
roic hologram 28 is designed so as to allow the light of 
wavelength X1 to pass through it without being affected. 
[0147] The light that was reflected by the high density 
optical disk 30, diffracted and modulated, passes again 
through the objective lens 29 and the dichroic hologram 
28, passes through the beam splitter 27, is converted to 
convergent light by a detecting lens 31 , and is incident 
on a photodetector (a photodetecting means) 32. The 
photodetector 32 contains a plurality of photodetecting 
regions, and outputs a signal in response to the amount 
of light that is received. 



[0148] When recording and reproducing a DVD 33 (a 
second information recording medium) (FIG. 1B), light 
of a wavelength X2 emitted from the red semiconductor 
laser 22 is reflected by the wavelength selecting prism 

5 24, passes through the wavelength selecting prism 25, 
and is converted to collimated light by the collimator lens 
26. The light that was converted to collimated light is 
reflected by the beam splitter 27, is diffracted and wave- 
front converted by the dichroic hologram (optical ele- 

10 ment) 28. converted to converging light by the objective 
lens 29, and is irradiated onto the DVD 33. 
[0149] The numerical aperture (NA) of the light emit- 
ted from the objective lens 29 is limited to 0.6. The sub- 
strate thickness of the DVD 33 is 0.6 mm. The dichroic 

15 hologram 28 is designed such that when the red light of 
wavelength X2 irradiates the disk of the substrate thick- 
ness 0.6 mm after passing through the objective lens 
29, the standard deviation of the wavefront aberration 
is not more than 70 mA.. 

20 [0150] The light that was reflected by the DVD 33, dif- 
fracted and modulated, passes again through the objec- 
tive lens 29 and the dichroic hologram 28, passes 
through the beam splitter 27, is converted to converging 
light by the defecting lens 31 , and is incident on the pho- 

25 todetector 32. The photodetector 32 contains a plurality 
of photodetecting regions, and outputs a signal in re- 
sponse to the amount of light that is received. 
[0151] When recording and reproducing a CD 34 
(third information recording medium) (FIG. 1C), light of 

30 a wavelength X3 emitted from the infrared semiconduc- 
tor laser 23 is reflected by the wavelength selecting 
prism 25, and is converted to collimated light by the col- 
limator lens 26. The light that was converted to collimat- 
ed light is reflected by the beam splitter 27, is diffracted 

35 and wavefront converted by the dichroic hologram (op- 
tical element) 2B, is converted to converging light by the 
objective lens 29, and is irradiated onto the CD 34. 
[0152] The numerical aperture (NA) of the light emit- 
ted from the objective lens 29 is limited to 0.4. The sub- 
strate thickness of the CD 34 is 1 .2 mm. The dichroic 
hologram 28 is designed such that when the infrared 
light of wavelength X3 irradiates the disk of the substrate 
thickness 1 .2 mm after passing through the objective 
lens 29, the standard deviation of the wavefront aberra- 

^5 tion is not more than 70 mA.. 

[0153] The light that was reflected by the CD 34, dif- 
fracted and modulated, passes again through the objec- 
tive lens 29 and the dichroic hologram 28, passes 
through the beam splitter 27, is converted to converging 

50 light by the detecting lens 31 and is incident on the pho- 
todetector 32. The photodetector 32 contains a plurality 
of photodetecting regions, and outputs a signal in re- 
sponse to the amount of light that is received. 
[0154] FIG. 2A shows an upper surface pattern of the 

55 dichroic hologram, and FIG. 2B shows a rear surface 
pattern. The light that approaches the disk enters from 
the rear surface (first optical element) 40 and exits from 
an upper surface (second optical element) 41. Light of 
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wavelength A3, which is in a range of 780 nm to 820 nm, 
is diffracted in a region 42 of the rear surface 40, and a 
pattern is formed so as to provide a wavefront that is 
optimal to the CD 34 (such that the standard deviation 
of the wavefront aberration is not more than 70 mA when 
focusing on the CD 34). 

[01 55] The light of wavelength A3 passes through the 
upper surface 41 without being affected. Furthermore, 
the light of wavelength A2, which is in a range of 630 to 
680 nm, is diffracted by the pattern in the region 42 of ' 
the rear surface 40, after which it is also diffracted by 
the pattern that is formed in a region 43 on the upper 
surface 41 . 

[01 56] The pattern within the region 43 is formed such 
that the light of wavelength A2 that was diffracted by both 
upper and rear surfaces has an optimal wavelength for 
the DVD 33 (such that when focusing on DVD 33, the 
standard deviation of the wavefront aberration is not 
more than 70 mA). Because the principal object of the 
upper su rf ace 41 and the rear surface 40 is to apply pow- 
er to the diffracted light and to correct spherical aberra- 
tion, the pattern is concentric ring-shaped. Light in the 
vicinity of wavelength A1 = 400 nm passes through both 
upper and rear surfaces without being affected. 
[0157] FIG. 3 shows an enlarged cross-section of the 
rear surface 40 of the dichroic hologram 28. The rear 
surface 40 of the dichroic hologram is engraved with 
grooves that have four types of depth (d to 4d). These 
grooves are configured in a repeating pattern of a group 
of grooves that are lined up as a single group in the order 
of 2d, 4d, d, 3d and no-groove portion. 
[0158] Here, depth d is: 

d=A1/(n1-1) 

where n1 is the refractive index of a medium at the wave- 
length A1 , which is selected from within the range 380 
to 420 nm. The phase shift in the light of wavelength A1 
that occurs due to the light path difference between the 
indented groove portion and the no-groove portion is an 
integer multiple of 2n by satisfying this relationship. That 
is to say, the light path length (n1 - 1) x d is equivalent 
to the wavelength A1 . Due to this, light of the blue sem- 
iconductor laser of wavelength A1 passes through the 
dichroic hologram 28 unaffected (it is not diffracted). 
[01 59] If the wavelength is fixed , the light path length 
expressed by (n1 - 1) x d has a unique value, and the 
effect that the light that is within the wavelength range 
380 to 420 nm passes substantially through the dichroic 
hologram 28 can be obtained if the light path length is 
within a predetermined range. 

[0160] More specifically, it is preferable that the ex- 
pression: 

380 nm < (n1 - 1) x d < 420 nm 



is satisfied when the standard wavelength, from the 
range 380 to 420 nm of wavelengths of A.1 , is 400 nm, 
and n is the refractive index of the substrate at a wave- 
length of 400 nm. 

[0161] On the other hand, light of wavelength A2 of 
the red semiconductor laser has a modulated wavefront 
as shown in FIG. 4A. Because the light of wavelength 
A2 that records and reproduces DVDs is in the range 
630 nm to 680 nm, d is a depth that is equivalent to ap- 
proximately 0.6 times the length of wavelength A2. 
[0162] Consequently, 2d is 1 .2A, 3d is 1 .8A and 4d 
corresponds to 2.4A. If each value is an integer multiple 
of A then the phase shift of the light does not occur, so 
that with regards to the phase of the light, integer mul- 
tiples of A can be ignored. Thus, considering only the 
fractional parts smaller than the decimal point, d is 0.6A, 
2d is 0.2A (1 .2A - 1 A), 3d is 0.8A (.1 .8A - 1 X), and 4d cor- 
responds to 0.4X (2.4X - 2X). 

[0163] Consequently the grooves arranged in the or- 
der of 2d, 4d, d and 3d form wavefronts that have step- 
wise phase changes of 0.2X, 0.4A, 0.6A and 0.8A with 
respect to the light of wavelength A2 as shown in FIG 
4 B. That is to say that with respect to the light of wave- 
length X2, the grooves shown in FIG. 3 can be thought 
of as grooves that deepen in a stepwise manner in the 
direction from the 2d side to the 3d side, as shown in 
FIG. 4B. 

[0164] When grooves such as those shown in FIG. 3 
are formed on the incident face side (a boundary at 
which the light propagates from a medium of low refrac- 
tive index (such as air) to a one of a high refractive index 
(such as glass)) of an optical element, the intensity of 
light that is diffracted in a direction 1 (the direction from 
the groove depth 3d side toward the groove depth 2d 
side) of FIG. 3 is stronger than light that is diffracted in 
a direction 2 (the direction from the groove depth 2d side 
toward the groove depth 3d side). 

[0165] Here, FIG. 5 shows the relationship between 
the groove depth of a single step that is standardized 
with respect to the wavelength A, and an efficiency R, 
which is the efficiency of incident light that is converted 
to first order diffracted light by a dichroic hologram such 
as that whose cross-section is shown in FIG. 3. When 
the depth that corresponds to a single step is 0.6 times 
A., the diffraction efficiency is at its maximum, and it is 
possible to obtain a diffraction efficiency greater than 
0.8. 

[0166] Furthermore, a wavefront of the light of wave- 
length A3 of the infrared semiconductor laser is modu- 
lated as shown in FIG. 6A. Because A3 is in a range of 
780 nm to 820 nm for the purpose of recording and re- 
producing CDs, d is a depth equivalent to approximately 
0.5 times the length of wavelength A3. 
[0167] Consequently, 2d is 1 .OX, 3d is 1 .5X and 4d is 
equivalent to 2. OA. As described previously, as the 
phase of the light, the integer multiple portions of A can 
be ignored, so if only the portions smaller than the dec- 
imal point are considered, then d is 0.5A, 2d is 0 (1 .OA - 



10 



15 



20 



25 



30 



35 



40 



45 



50 



23 



45 



EP 1 500 956 A1 



46 



1X), 3d is 0.5X (1 .5X - 1X) and 4d is equivalent to 0 (2. OX 

- 2X). Consequently, the grooves arranged in the order 
of 2d, 4d, d, 3d form wavefronts that have a two step 
phase of 0, 0, 0.5X, 0.5X, whose duty ratio is 3:2 with 
respect to light of wavelength A3 as shown in FIG. 6B. 
In this case, according to FIG. 5, a diffraction efficiency 
of about 0.3 can be' obtained when the depth corre- 
sponding to a single step is 0.5 times X. 

[01 68] FIG. 7 shows an enlarged cross-sectional view 
of the upper surface 41 of the dichroic hologram 28. The 
upper surface of the dichroic hologram 28 is engraved 
with grooves of three different depths (d to 3d). These 
grooves are configured as a single group in a repeating 
pattern of a group of grooves that are lined up in an order 
of d, 2d, 3d, and no-groove portion. Depth d is: 

d = 2 x X1 / (n1 - 1) 

when n1 is the refractive index of a medium at a wave- 
length X1 , which is selected from the range 380 to 420 
nm. By satisfying this relationship, the phase shift in the 
light of wavelength X1 that occurs due to the light path 
difference between the indented portion, which is the 
groove, and the no-groove portion is an integer multiple 
of 2k. Due to this, light of the blue semiconductor laser 
of wavelength X1 passes through unaffected by the di- 
chroic hologram 28 (it is not diffracted). 
[0169] In this case, the light path length, which is (n1 

- 1) x d, is equivalent to two times the wavelength X1 . 
As described previously, if the light path length is within 
a predetermined range then it is possible to achieve the 
effect that light of a wavelength, which is in a range of 
380 to 420 nm, can substantially pass through the dich- 
roic hologram 28. 

[0170] More specifically, it is preferable that the ex- 
pression: 

760 nm < (n1 - 1 ) x d < 840 nm 

is satisfied when the standard wavelength, from the 
range 380 to 420 nm of wavelengths of X1 , is 400 nm, 
and n is the refractive index of the substrate at a wave- 
length of 400 nm. 

[0171] On the other hand, the light of wavelength X2 
of the red semiconductor laser has a modulated wave- 
front as shown in FIG. 8A. Because the light of wave- 
length X2 that records and reproduces DVDs is in the 
range X2 = 630 nm to 680 nm, d is a depth that corre- 
sponds to approximately 1 .2 times the length of wave- 
length X2. 

[0172] Consequently, 2d is 2.4X and 3d is 3.6X. As 
previously described, integer multiple portions of X can 
be ignored for phases of the light, so if only the fractional 
parts smaller than the decimal point are considered, d 
is 0.2X(1 .2X - X), 2d is 0.4X (2.4X - 2X) and 3d is 0.6X 
(3.6X-3X). 



[0173] Consequently the grooves arranged in the or- 
der of d, 2d, and 3d form wavefronts that have stepwise 
phase changes of 0.2X, 0.4X, and 0.6X with respect to 
light of wavelength X2 as shown in FIG 8B. That is to 

5 say that, with respect to the light of wavelength X2, the 
grooves shown in FIG. 7 can be considered as grooves 
that deepen in a stepwise manner in the direction from 
the d side to the 3d side, as shown in FIG. 8B. 
[0174] When grooves such as those shown in FIG. 7 

10 are formed on the incident face side of an optical ele- 
ment (a boundary at which the light propagates from one 
of a high refractive index (such as glass) to a medium 
of low refractive index (such as air)), the intensity of light 
that is diffracted in a direction 1 (the direction from the 

15 groove depth 3d side toward the groove depth d side) 
of FIG. 7 is stronger than light that is diffracted in a di- 
rection 2 (the direction from the groove depth d side to- 
ward the groove depth 3d side). 

[0175] FIG. 9A shows the relationship between the 
20 groove depth of a single step that is standardized with 
respect to the wavelength X, and an efficiency R, which 
is the efficiency of incident light that is converted to first 
order diffracted light by a dichroic hologram 28 such as 
is shown in FIG. 7. When the depth corresponding to a 
25 single step is 1 .2 times X, a diffraction efficiency higher . 
than 0.65 can be obtained. 

[0176] Furthermore, the light of wavelength X3 of the 
infrared semiconductor laser has a wavefront that is 
modulated as shown in FIG. 8C, Because X3 is in a 

30 range of 780 nm to 820 nm for the purpose of recording 
and reproducing CDs, d is a depth equivalent to approx- 
imately 1.0 times the length of wavelength X3. Conse- 
quently, 2d is 2. OX and 3d is equivalent to 3. OX. As de- 
scribed previously, as the phase of the light, the integer 

35 multiple portions of X can be ignored, so if only the por- 
tions smallerthan the decimal point are considered then 
all are equivalent to 0 as shown in FIG. 8d. Consequent- 
ly, the light of wavelength X3 is unaffected by the dichroic 
hologram 28 (it is not diffracted), and substantially pass- 

^0 es through it. 

[0177] Here, FIG. 9B shows the relationship between 
the groove depth of a single step that is standardized 
with respect to the wavelength X, and an efficiency R, 
which is the efficiency of incident light that is converted 

45 to zero order diffracted light by a dichroic hologram such 
as is shown in FIG. 7. When the depth corresponding to 
a single step is 1 .0 times X, it is possible to obtain atrans- 
mittance of approximately 0.9. 

[0178] In this way the light of wavelength X1 at the 
50 rear surface (first optical element) 40 passes though the 
dichroic hologram 28 substantially without being affect- 
ed, while the light of wavelength X2 and wavelength X3 
are diffracted. Furthermore, at the upper surface (sec- 
ond optical element) 41 , the light of wavelength X1 and 
55 X3 pass through and the light of wavelength X2 is dif- 
fracted. 

[0179] Due to this, information can be recorded and 
reproduced reliably because light sources that have ap- 
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propriate wavelengths for each of the three types of op- 
tical disks (information recording media) are used and 
light of low aberration can be focused on the information 
surface with excellent efficiency. Furthermore, the same 
effect also can be obtained when there are two types of 
optical disk. 

[0180] It should be noted that the dichroic hologram 
28 used here has the first optical element and the sec- 
ond optical element formed on the upper surface 41 and 
the rear surface 40 as a single piece. However it is also 
possible to arrange a dichroic hologram such that the 
first optical element and the second optical element are 
formed on separate elements. In that case, their centers 
can be matched up to the optical axis by adjusting the 
position of both optical elements. 

[0181] Furthermore, it is preferable that the dichroic 
hologram 28 is fabricated from glass. If it is fabricated 
from resin, then it is preferable to use amorphous poly- 
olef in based resins whose absorbtance is not more than 
5%, and whose absorptance is preferably not more than 
3%. This is due to the fact that light of a wavelength of 
not more than 420 nm has a strong chemical action, so 
there is a possibility that the resin may be damaged if 
an optical element of high absorptance is irradiated over 
a long period. It is relatively difficult to damage amor- 
phous polyolefin based resins, even by irradiating with 
light of a wavelength less than 420 nm, 
[0182] Moreover, it is also possible to fabricate one of 
the optical elements on the surface of the objective lens. 
In this case, it is possible to increase the positional ac- 
curacy of the optical axis of the objective lens. 
[0183] Furthermore, the diffraction efficiency shown 
here is a value that is calculated when the widths of ad- 
jacent grooves of different depths are substantially 
equivalent. 

[0184] Furthermore, even if the grooves are lined up 
in a sequence that is completely opposite to the exam- 
ples given here, the same effect can be obtained apart 
from a change in the direction in which the light is effi- 
ciently diffracted. 

[0185] Furthermore, it goes without saying that even 
if the start point of the way the grooves are lined up, and 
the way the grooves are described is changed, if the 
grooves are actually lined up in the same sequence, 
then the same effect can be obtained. 
[0186] Moreover, the wavelengths A,1 and A2 satisfy 
the relationship 

1.5 < \^!X^ < 1.8, 

and the wavelengths M and A3 satisfy the relationship 

1.8 < X3/M <2.2. 

[0187] Furthermore, as shown in FIG. 10, the light of 
wavelength A2, which is diffracted by the dichroic holo- 



gram 28 is designed such that the diffraction efficiency 
of the light of wavelength A2 that is diffracted from col- 
limated light to diverging light (direction 1) by the dich- 
roic hologram 28, is greater than the diffraction efficien- 

5 cy on the side in which it is diffracted to converging light 
(direction 2). More specifically, grooves such as are 
shown in FIG. 3 are arranged in a concentric ring shape 
on the incident face such that the direction 1 approaches 
the circumference, and the direction 2 approaches the 

io center, and moreover, on the exit face side, grooves 
such as are shown in FIG. 7 are arranged in a concentric 
ring-shape such that the direction 1 approaches the cir- 
cumference : and the direction 2 approaches the center. 
In this way, because the diffraction efficiency in the di- 

15 rection 1 is higher than the diffraction efficiency in the 
direction 2, the diffracted light is substantially converted 
to diverging light, and the dichroic hologram 28 acts as 
a concave lens. 

[0188] Thus, a focal length f of the focusing optical 

20 system, which is matched to the objective lens, length- 
ens and even DVDs, which at 0.6 have a thicker sub- 
strate than a substrate thickness of 0.1 , can be operated 
at a relatively large working distance. 
[0189] It should be noted that there is no particular 

25 discussion here of methods for limiting the aperture of 
the light of wavelength A2 or the light of wavelength A3, 
however there is the method of vapor depositing a wave- 
length selecting filter onto the dichroic hologram 28 or 
the objective lens 29, or the method of providing a sep- 

30 arate glass filter. Furthermore, it is also possible to con- 
trol the aperture by providing an opening across the light 
path that is passed only by light of a single wavelength 
(in the region between the light source and the wave- 
length selecting prism). 

35 [0190] FIG. 11 shows an entire structural example of 
an optical disk drive 50 as an optical information record- 
ing and reproduction apparatus. An optical disk 51 is 
fixed by sandwiching between a turntable 52 and a 
clamper 53, and is rotated by a motor (rotating system) 

^0 54 1 which is a moving means. An optical head 20 is 
mounted on a traverse (conveying system) 55, which is 
a moving means, and the point that is irradiated by light 
is capable of moving from the inner circumference of the 
optical disk 51 to the outer circumference. The control 

15 circuits 56 perform focus control, tracking control, 
traverse control and rotational control of the motor and 
the like based on signals received from the optical head 
20. 

[0191] FIG. 12 shows the working distance when re- 
50 cording and reproducing each disk. The height of the 
side at which light is incident on the optical disk is de- 
termined by the position of the turntable 52. On the other 
hand, the relative height of fixing elements 60 on the 
actuator of the optical head 20 with respect to the turn- 
55 table 52 is determined uniquely by the structure and the 
positional relationship of the traverse 55 and the motor 
54. Furthermore, the position of a movable element 61 
of the actuator that moves the objective lens 29 in the 
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focus direction is determined by the position of the re- 
cording surface of the optical disk, and by back focus 
on the disk side of the objective lens 29, which is the 
focusing means. Back focus means the length between 
the tip of the focusing means to the point of convergence 
of the light rays. The tip of the focusing means more spe- 
cifically that, of the intersections between the objective 
lens 29 and the optical axis, it is the intersection that is 
on the optical disk side. 
[0192] The working distance WD is 

WD = BF- t/n 

when the refractive index at the wavelength X is n, the 
substrate thickness of the disk is t and the back focus is 
BF. For example, on a disk in which the substrate thick- 
ness is thick, and t/n is large, the working distance WD 
becomes small such that if the focusing means not de- 
signed such that the back focus BF can change in re- 
sponse to that change, then the working distance WD 
will vary greatly when there is a change in substrate 
thickness. 

[0193] FIG. 12 shows the working distance WD at a 
working distance WD1 (FIG. 12A), a working distance 
WD2 (FIG. 12B) and a working distance WD3 (FIG. 
12C), depending on the type of optical disk, that is, de- 
pending on changes in the substrate thickness. 
[01 94] A configuration according to a conventional ex- 
ample is shown in FIG 13, showing the case in which a 
working distance changes greatly depending on the 
type of optical disk. When there is a large change in 
working distance due to the type of the optical disk, there 
is a large change in the relative distance between the 
fixing elements 60 of the actuator and the movable ele- 
ment 61 . 

[0195] Because a working distance WDa in FIG 13A 
is small, the movable element 61 is relatively higher than 
the upper side (disk side) of the fixing elements 60. How- 
ever as in FIG. 13B, when the working distance WDb is 
large, the moving element 61 is relatively lower than the 
lower side (side furthest from the disk) of the fixing ele- 
ments 60. Because regular optical disks droop on their 
inner and outer circumferential sides and have shake of 
disc in focusing direction when rotating, to a certain ex- 
tent the fixing elements 60 cover the vertical movement 
range of the movable element 61 . However, when there 
is a difference in working distance, there is a problem in 
that to absorb that difference, the size of the actuator 
increases, and the overall size of the optical head, in- 
creases. Furthermore, when the movable range is large, 
the movable element 61 tilts depending on the position 
of the movable element 61 , and there is the problem that 
the optical system is susceptible to generating aberra- 
tions. 

[01 96] The moveable range of the moveable element 
61 also depends on the structure of the actuator, how- 
ever it is preferable that it is less than the lateral direction 



width of the moveable element 61. This is because, if 
the lateral width is large, even if a height difference de- 
velops between left and right, then the tilting angle is 
small. However, if the lateral width is small, even with a 
5 minimal left and right height difference, the tilting angle 
becomes large. 

[0197] Consequently, the difference in working dis- 
tance caused by disk type, that is to say, the movable 
range of the movable element 61 is preferably smaller 

10 than the lateral width of the movable element 61 . In the 
example of FIG. 12, it is preferable that the maximum 
and minimum differences between WD1, WD2 and 
WD3, being the difference in working distance caused 
by disk type, are smaller than the lateral width of the 

15 movable element 61 . 

[0198] In the case of the ultrahigh density optical disk, 
when NA = 0.85, and the focal length f of the focusing 
means is 2.0 mm, the beam diameter is <J>3.4 mm. Be- 
cause the minimum value of the width of the movable 

20 element 61 is this beam width, in this case there is a 
need to set the difference between the maximum value 
and minimum value of the working distance to 3.4 mm 
at most. 

[0199] It should be noted that when considering the 

25 actual size of the actuator, the movement range of the 
actuator is at best 1 mm, so that it is preferable that the 
difference between the maximum working distance and 
minimum working distance is not more than half that at 
0.5 mm. Moreover, in order not to substantially affect the 

30 size of the actuator, it is preferable that the difference 
between the maximum value and the minimum value of 
the working distance is not more than 0.2 mm. Of 
course, the most preferable state is the one in which the 
working distance is equivalent when recording onto and 

35 reproducing information from differing types of informa- 
tion recording media, and in which the difference be- 
tween the maximum value and the minimum value is 0. 
[0200] In the present embodiment, since the back fo- 
cus BF can be set optimally using the dichroic hologram 

^0 28 according to the disk that is recorded or reproduced, 
the WD can be substantially fixed during recording and 
reproduction of each disk. 

[0201] More specifically, in the example given previ- 
ously, light from the blue semiconductor laser (wave- 

45 length X\) is not diffracted by the dichroic hologram 28, 
and the diffraction efficiency of the light from the red 
semiconductor laser (wavelength X2) is set to differ from 
the diffraction efficiency of the light from the infrared 
semiconductor laser (wavelength X3). 

so [0202] Thus, light of the blue semiconductor laser 
passes as is through the dichroic hologram 28, the de- 
gree of divergence of the light of the red semiconductor 
laser differs from the degree of divergence of the light 
of the infrared semiconductor laser, and it is possible to 

55 change the back focus depending on the light from each 
laser. That is to say, it is possible to design the dichroic 
hologram 28 so as to control the back focus depending 
on the type of disk, and it is possible to substantially fix 
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the WD without consideration to the type of disk. 
[0203] If the WD can be substantially fixed in this way, 
then the size of the entire optical head can be reduced, 
and because the movable range of the movable element 
61 can be reduced, it is possible to suppress the gener- 5 
ation of aberrations caused by tilt of the movable ele- 
ment 61 . 

[0204] FIG. 1 4 shows an example that unifies the sig- 
nal output from the optical head of the present embod- 
iment. An optical head 70 has the same optical structural 
elements as the optical head 20. It differs in the provision 
of a P/S (parallel/serial) converting circuit 71 (parallel/ 
serial converter) that converts the output signal from the 
photodetector 32 that is received as a parallel signal into 
a serial signal. A P/S converting circuit 71 receives sig- 
nals through a plurality of signal lines from the photode- 
tector 32, time divides and lines them up serially, and 
outputs them as an output signal through a single signal 
line. 

[0205] As a method for this, there is the method of 
sequentially switching an analog switch in an internal 
portion of the P/S converting circuit based on the clock, 
which is a timing signal, and outputting the serial signal 
as an output signal. Furthermore, a method is also pos- 
sible in which the signal that is obtained in parallel is 
subjected to analog/digital conversion (A/D conversion), 
stored in memory and then transmitted as digital data in 
a serial sequence. FIG. 1 5 shows an example of the sig- 
nal In such a case. Synchronised with the clock as the 
timing signal, digital signals such as an RF signal, and 
FE+ signal, an FE- signal, a TE+ signal and a TE- signal 
and the like are transmitted. 

[0206] Thus, the number of signal lines between the 
optical head and the control circuits and the like of the 
optical disk drive can be reduced. In optical heads that 
record and reproduce CDs and DVDs as well as high 
density optical disks, approximately three times the usu- 
al amount of signal lines are necessary just to drive the 
semiconductor lasers, which are the light source. FIG. 
1 4A shows an example in which the photodetector (pho- 
todetecting means) is shared, and as shown in FIG. 
14B, also conceivable is a case in which the photode- 
tector (photodetecting means) is not shared, and which 
has the photodetector (photodetecting means) 72 and 
a photodetector (photodetecting means) 73, and a case 
which contains three photodetectors. In these cases, 
there is a further increase jn signal lines, the width of 
the flexible cable that connects the optical head and the 
drive is enlarged, and there is the problem of a loss of 
flexibility (the ease of bending) of the flexible cable. Fur- 
thermore, if the flexible cable is changed to a multilayer 
flexible circuit, then although the width of the flexible ca- 
ble can be reduced, there is the problem of an increase 
in cost. 

[0207] If the optical head is an optical head 75 that is 
provided with a P/S converting circuit 74 for receiving 
signals in parallel from the photodetector 72 and the 
photodetector 73, and outputting them as serial signals 



such as is shown in FIG 1 4B, then the number of signal 
lines can be greatly reduced. 

[0208] In the example of the optical head 75 in FIG. 
1 4B, the signal from the P/S converting circuit 74 is con- 
verted to an optical signal by an LED (electrical/optical 
converter) 76 and is output to an optic fiber 77. In this 
case, it is possible to transmit a higher frequency signal 
than an electric signal yet with lower noise, and there is 
the advantage that these signals can be transmitted with 
sufficient accuracy and period of time even if there is an 
increase in the number of signals to be converted. 
[0209] It should be noted that the example in which 
the P/S converting circuit is utilized is not limited to op- 
tical heads in which light sources of three wavelengths 
are used, and the same effect can be obtained with op- 
tical heads containing light sources of one wavelength 
or two wavelengths. In these cases as well, if a plurality 
of signal lines are needed for tracking signals or focus 
signals, then the optical head can be consolidated into 
a single unit. Furthermore, if A/D conversion is per- 
formed within the optical head, then because paths that 
introduce noise can be shortened, this is also effective 
in raising the SN ratio of the signal. 



[0210] An example of an optical head applied inter- 
changeably to high density optical disks and DVDs is 
described as a second embodiment. FIG. 16 is a struc- 
tural example of an optical head 80. As shown in FIG. 
1 6A, a light of wavelength X^ emitted from a blue sem- 
iconductor laser (a light source of a first wavelength) 21 
passes through the wavelength selecting prism 24, and 
is converted to collimated light by the collimator lens 26. 
The light that was converted to collimated light is reflect- 
ed by the beam splitter 27, passes through the dichroic 
hologram (optical element) B1 , is focused by the objec- 
tive lens (focusing means) 29 and is irradiated onto the 
high density optical disk (first information recording me- 
dium) 30. 

[0211] The numerical aperture (NA) of the objective 
lens is 0.85, and the substrate thickness of the high den- 
sity optical disk 30 is assumed to be 0.1 mm. The ob- 
jective lens 29 is designed such that spherical aberra- 
tion is at a minimum when the blue light of wavelength 
X1 is radiated onto a disk whose substrate thickness is 
0.1 mm. 

[0212] Furthermore, the dichroic hologram 81 is de- 
signed so as to pass the light of wavelength X1 without 
affecting it. The light that was reflected by the high den- 
sity optical disk 30, diffracted and modified, again pass- 
es through the objective lens 29 and the dichroic holo- 
gram 81 , passes through the beam splitter 27, is fo- 
cused by the detecting lens and is incident on a photo- 
detector (photodetecting means) 82. The photodetector 
82 contains a plurality of photodetecting regions, and 
outputs a signal in response to the amount of light that 
is received. 
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[0213] As shown in FIG. 16B, when recording and re- 
producing the DVD 33 (second information recording 
medium), the light of wavelength A2 is emitted from the 
red semiconductor laser 22, is reflected by the wave- 
length selecting prism 24 and is converted to collimated 
light by the collimator lens 26. The light that was con- 
verted to collimated light is reflected by the beam splitter 
27, is diffracted by the dichroic hologram 81 and wave- 
front converted, is focused by the objective lens 29 and 
is irradiated onto the DVD 33. 

[0214] Here, the numerical aperture (NA) of the light 
that is emitted from the objective lens is limited to 0.6. 
The substrate thickness of the DVD 33 is 0.6 mm. The 
dichroic hologram 81 is designed such that when the 
red light of wavelength X2 that has passed through the 
objective lens 29 is irradiated on to the disk of substrate 
thickness of 0.6 mm, the standard deviation of wavefront 
aberration is not more than 70 mX. 
[021 5] The light that was reflected at the DVD 33, dif- 
fracted and modulated, again passes through the objec- 
tive lens 29 and the dichroic hologram 81, passes 
through the beam splitter 27, is focused by the detecting 
lens 31, and is incident on the photodetector 82. The 
photodetector 82 contains a plurality of photodetecting 
regions, and outputs a signal in response to the amount 
of light that is received. 

[0216] FIG.- 17 shows a pattern on the upper surface 
(the disk side) and the rear side (the side that is furthest 
from the disk) of the dichroic hologram 81 . The light that 
approaches the disk passes through from the rear sur- 
face to the upper surface. No particular pattern is formed 
on the rear surface shown in FIG. 17B. On the upper 
surface that is shown in FIG. 17A, the light in the range 
of wavelength X2 = 630 to 680 nm is diffracted by a pat- 
tern within a region 83. 

[021 7] The pattern within the region 83 is formed such 
that the light of wavelength X2 that was diffracted at the 
upper surface has a wavefront that is optimal for the 
DVD 33. Since the principal object is to apply power to 
the diffracted light and to correct spherical aberration, 
the pattern is concentric ring-shaped. Light in the vicinity 
of wavelength X1 - 400nm passes through both upper 
and lower surfaces without being affected. 
[0218] The cross-sectional form of the hologram that 
is formed on the upper surface of the dichroic hologram 
81 is the same as the cross-sectional form of that which 
is formed on the rear surface 40 of the dichroic hologram 
28 of the first embodiment. Accordingly, because high 
diffraction efficiencies can be obtained for the light of 
wavelength X2 that is in the range 630 to 680 nm, sat- 
isfactory light utilization efficiency can be achieved. 
[0219] Consequently, since it is possible to use light 
sources whose respective wavelengths are appropriate 
to the types of optical disks (information recording rrie- 
dia), namely high density optical disks 30 and DVDs 33, 
and to focus light with less aberrations onto the informa- 
tion surfaces at high efficiencies, information can be re- 
corded and reproduced reliably. 



[0220]- As in the present embodiment, by setting the 
surface of the dichroic hologram 81 on which the pattern 
is provided to be the face closest to the objective lens, 
it is possible to prevent the minimum pitch of the dichroic 

5 hologram 81 from becoming too small, thus facilitating 
fabrication of the dichroic hologram 81 . 
[0221] Furthermore, because recording and repro- 
duction of CDs is omitted from the present embodiment, 
not only is a light source for CDs unnecessary, but the 

io shape of the dichroic hologram 81 is simplified, and 
since the variety of signals that the photodetector 82 de- 
tects is reduced, the photodetector is simpler than that 
of the first embodiment. 

[0222] Furthermore, FIG. 18 shows an optical head 

15 84 that uses a dichroic hologram 85 in place of the di- 
chroic hologram 81 . FIG. 1 8A is a structural overview of 
the high density optical disk 30 during recording and re- 
production, and FIG. 1 8B is a structural overview of the 
DVD 33 during recording and reproduction. FIG. 19 

20 shows a pattern on an upper surface (disk side) and rear 
surface (side furthest from the disk) of the dichroic holo- 
gram 85. The upper surface of the dichroic hologram 85 
that is shown in FIG. 19A has the same pattern that is 
formed on the upper surface of the dichroic hologram 

25 81 shown in FIG. 17. A pattern, which is a hologram for 
correcting chromatic aberration in light of wavelength 
A.1 , is formed in a region 87 on the rear surface of the 
dichroic hologram 85 shown in FIG 19B. 
[0223] Holograms for correcting chromatic aberra- 

30 tions are explained in detail in the Patent Document 3 
(JP 2001-60336A). In this specification, the cross-sec- 
tion of the optical element is saw tooth-shaped, and a 
method is described whereby second order diffracted 
light is used for correcting light of a first wavelength A,1 , 

35 and first order diffracted light is used for correcting light 
of a second wavelength A2. Aberration that occurs at 
the objective lens caused by wavelength offset of the 
light of wavelength A.1 is cancelled out by changes in the 
diffracting angle of the diffraction grating to correct chro- 

^0. matic aberration. Accordingly chromatic aberration can 
be corrected without the addition of new parts. 
[0224] Furthermore, an example of an optical head is 
described in the present embodiment. However, as in 
the structure in FIG. 11 of the first embodiment, by pro- 

45 viding moving means such as a conveying system 55 or 
a rotating system 54, and a control circuit 56, the optical 
head can be used as an optical information recording 
and reproduction apparatus (optical disk drive). 

50 Third Embodiment 

[0225] A third embodiment shows an example of a 
head that records and reproduces information onto 
three types of optical disks using three types of light 
55 sources using an optical element that has a dichroic 
hologram on one face and a phase shift step on an op- 
posite face. Furthermore, a dichroic hologram that has 
two types of groove depths is described. 
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[0226] FIG. 20 is a structural overview of an optical 
head 90 according to the present embodiment. Parts 
that are the same as in the first and second embodiment 
are given the same symbols, and the description thereof 
is hereby omitted. The present embodiment differs from 5 
the first and second embodiments in the use of a dich- 
roic hologram (optical element) 91, which has a phase 
shift step on its rear surface. 

[0227] A front view of the dichroic hologram 91 is 
shown in FIG. 21 , while FIG. 21 A shows an upper sur- 
face (disk side).. FIG. 21 B shows a rear surface (side 
furthest from the disk), and FIG. 21 C is a cross-section- 
al view of FIG. 21 B. As shown in FIG. 21 A, grooves are 
formed as a dichroic hologram in a circle-shaped region 
93 (first region) in the vicinity of the center of an upper 
surface 92, and in a ring-shaped region 94 (second re- 
gion) that wraps around the region 93. No grooves are 
formed in a region 95 (third region) that is on the outer 
side of the region 94. 

[0228] On the other hand, as shown in FIG 21 B, a 
phase shift step (phase correcting means) 97 is formed 
on a rear surface 96. The light of wavelength AT = 380 
nm to 420 nm passes as is through the dichroic holo- 
gram on the upper surface, but the light of wavelength 
A2 - 630 nm to 680 nm and the light of wavelength A3 
= 780 hm to 820 nm is diffracted. The light of wavelength 
A.1 passes through the region 93 and the region 94 and 
one part of the region 95. 

[0229] The light of wavelength A3 that reproduces the 
CD 34 passes through the rear surface 96, after which 
it irradiates only onto the region 93 of the upper surface 
92. The pattern of the region 93 is designed such that 
when the light of wavelength A3 that was diffracted is 
irradiated onto the CD 12 of t = 1 .2 mm, the standard 
deviation of the wavefront aberration is not more than 
70 mA. 

[0230] The phase shift step 97 of the rear surface 96 
shown in FIG. 21 B is a step that does not affect the light 
of wavelength A1 and the light of wavelength A3. The 
light of wavelength A2 is phase modulated by the phase 
shift step 97 of the rear surface 96, and is irradiated onto 
the circle-shaped region 93 (first region) and the ring- 
shaped region 94 (second region) of the upper surface 
92. 

[0231] The shape of the pattern in the ring-shaped re- 
gion 94 and the phase shift step 97 (phase correcting 
means) is designed such that the standard deviation of 
the wavefront aberration is not more than 70 mA. when 
the light that was diffracted at the circle-shaped region 
93 and the ring-shaped region 94 is irradiated onto the 
DVD 33 of t = 0.6. 

[0232] FIG. 22 shows an enlarged cross-sectional 
view of the dichroic hologram 91 . The surface of the di- 
chroic hologram 91 is engraved with grooves that have 
two types of depths (d and 2d). Those grooves form sets 
of grooves lined up in the order d ( 2d, no groove, and 
are formed as a repetition of those sets. Where a refrac- 
tive index of a medium at wavelength A.1 that is within 



the range of 380 nm to 420 nm is n1 , the depth d is ex- 
pressed by: 

d = A.1 /(n1 - 1). 

Accordingly, the light of wavelength A.1 from the blue 
light semiconductor laser passes through without any 
effect. 

[0233] Furthermore, as described in the first embodi- 
ment, if the light path length is within a predetermined 
range, then the effect that light within the wavelength 
range 380 nm to 420 nm substantially passes through 
the dichroic hologram can be obtained. Thus, it is pref- 
erable that the expression: 

380 nm < (n - 1 ) x d < 420 nm 

is satisfied, where n is the refractive index of the sub- 
strate at a wavelength of 400. 

[0234] On the other hand, the wavefront of the light of 
wavelength A2 of the red semiconductor laser is modu- 
lated as shown in FIG. 23A. Since the wavelength A2 is 
in the range 630 nm to 6B0 nm for recording and repro- 
duction of the DVD 33, d has a depth that corresponds 
to approximately 0.6 times the length of the wavelength 
A2. Consequently, 2d corresponds to 1 .2X. Since the in- 
teger multiples of A can be ignored in the phases of light, 
with consideration given only to the portion on the right 
of the decimal point, d corresponds to 0.6A, and 2d cor- 
responds to 0.2A.. Consequently, grooves that are lined 
up in the order d, 2d form wavefronts having phases that 
change stepwise as 0.6A. and 0.2A, as shown in FIG. 
23B. 

[0235] FIG. 24 shows the relationship between a 
groove depth of a single step that is normalized by the 
wavelength A, and the efficiency R of converting incident 
light to first order diffracted light at the dichroic holo- 
gram, such as is shown in FIG. 22. From FIG. 24, a dif- 
fraction efficiency in the order of 0.6 can be obtained 
when the depth of one step is 0.6 times A.. 
[0236] Furthermore, the wavefront of the light of 
wavelength A3 of the infrared semiconductor laser is 
modulated as shown in FIG. 25A. Since the wavelength 
A3 is in the range 780 nm to 820 nm for CD recording 
and reproduction, d has a depth that corresponds to ap- 
proximately 0.5 times the length of wavelength A3. Con- 
sequently, 2d corresponds to 1 .OA.. Since the integer 
portions of A can be ignored in the phases of light, with 
consideration given only to the part to the right of the 
decimal point, d corresponds to 0.5A, and 2d corre- 
sponds to 0. 

[0237] Consequently, grooves that are lined up in the 
order d, 2d, form wavefronts having two step phases are 
0.5A. and 0 as shown in FIG. 25B, whose duty ratio is 1 : 
2. Due to this, a diffraction ratio in the order of 0.3 can 
be obtained when the depth of one step is 0.5 times A., 
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as shown in FIG. 24. 

[0238] If the dichroic hologram 91 as shown in FIG. 
21 is used, then the hologram pattern is only fabricated 
on one face, and since the rear surface is constituted by 
a phase shift step that has low light-intensity-loss, light 
utilization efficiency can be raised. 
[0239] Thus, since it is possible to use light sources 
having wavelengths that are appropriate to the three 
types of optical disks (information recording media) to 
focus low aberration light onto the information surface 
at high efficiency, information can be recorded and re- 
produced reliably. 

[0240] It should be noted that here, the dichroic holo- 
gram and the phase shift step are formed on the upper 
surface and rear surface of a single optical element. 
However it is also possible to arrange a member in 
which these are formed on separate optical elements. 
In this case, by tuning the position of both optical ele- 
ments, It is possible to adjust their centers to the optical 
axis. 

[0241] Furthermore, the diffraction efficiency shown 
here is a value calculated when the width of adjacent 
grooves of various depths is substantially equivalent. 
[0242] Moreover, the relationship between the wave- 
lengths XI and X2 satisfies: 

1.5 < XZI A.1 < 1.8, 

and the relationship between the wavelengths A.1 and 
A3 satisfies: 

1.8 < A,3/ A.1 <2.2. 

[0243] The conventional example disclosed in Patent 
Document 1 (JP H9-306018A), is illustrated by an ex- 
ample that has three types of groove depths, which al- 
lows one wavelength to pass through and diffracts an- 
other wavelength. However, there is no mention of the 
fact that when the wavelengths of X1 and X2 have the 
relationship: 

1.5 < A,2/ A.1 < 1.8, 

a dichroic hologram that has two types of groove depths, 
or a dichroic hologram that has four types of groove 
depths in which these groove depths are lined up in the 
order 2d, 4d, d, 3d, no groove, can increase the diffrac- 
tion efficiency of light of wavelength A2. This is subject 
matter that is first disclosed by the present invention. 
Furthermore, the fact that an appropriate diffraction ratio 
of light of the wavelength X3 that has the relationship: 

1.8 < X3/ A.1 < 2.2. 



can be obtained with the aforementioned dichroic holo- 
gram is another original disclose of the present inven- 
tion. 

[0244] It should be noted that it is also possible that 
5 the hologram that is grouped with the phase shift step 
is of the shape that has four types of groove depths that 
are shown in the first embodiment. Similarly, it is also 
possible to use a dichroic hologram of a form having two 
types of groove depths, as shown in the third embodi- 
10 ment, applied to the dichroic hologram of the first em- 
bodiment. 

[0245] It should be noted that for simplicity, the light 
sources here are separate, and the photodetector is 
shared, however a single light source such as a mono- 
15 nthic semiconductor laser also can be used as the light- 
source, and the photodetectors also can be separate. 
Even with this configuration, the same effect can be 
demonstrated. 

[0246] Furthermore, a disk whose substrate thickness 
20 t = 0.1 and numerical aperture is 0.8 has been assumed 
as the example of the high density optical disk. However 
it is not limited to this. 

[0247] Also, although the present embodiment has 
been described using the example of an optical head, 
25 by providing a moving means such. as the traverse sys- 
tem 55 or the rotating system 54, and the control circuit 
56, it can be used as the optical information recording 
and reproduction apparatus (optical disk drive), as 
shown in FIG. 11 of the first embodiment. 

30 

Fourth Embodiment 

[0248] FIG. 26 shows a structural view of the optical 
head according to a fourth embodiment of the present 

35 invention. It differs from the optical head according to 
the second conventional example in that it is provided 
with an objective lens drive apparatus 44 that is capable 
of tilting the objective lens 1 1 . FIG . 26 shows the manner 
in which an ultra high density optical disk 12, which has 

40 a substrate thickness of 0.1 mm and an optical disk 
(DVD) 13, which has a substrate thickness of 0.6 mm, 
are recorded and reproduced. In order to simplify the 
description, both disks are drawn overlapped in the 
same location. 

^5 [0249] The optical head shown in this drawing is pro- 
vided with a light source 1 that produces a wavelength 
380 nm to 420 nm (wavelength A/I), and a module 2a. 
A photodetector and a light source of light of a wave- 
length 630 nm to 680 nm (wavelength A2) are contained 

50 within the module 2a. During recording and reproduction 
of the ultra high density optical disk 1 2, the light of wave- 
length A.1 that is emitted from the light source 1 passes 
through prisms 4 and 6 and is converted. to collimated 
light by a focusing lens 7. This collimated light is reflect- 

55 ed by a mirror 8, passes through a phase plate 9, is fo- 
cused by the objective lens 11 and is irradiated onto the 
ultra high density optical disk 12. 

[0250] The objective lens 1 1 given here has a numer- 
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ical aperture (NA) of 0.85, and is designed such that ab- 
erration with respect to the optical disk 1 2 whose sub- 
strate thickness is 0.1 mm is at a minimum. Further- 
more, a phase plate 206 contains the phase shift step 
206a (FIG. 62) shown in the second conventional ex- 5 
ample, and is designed such that the light of wavelength 
M passes through without being affected. 
[0251] The light that was reflected by the ultra high 
optical disk 1 2 passes again through the objective lens, 
is focused by the focusing lens 7, is reflected by the to 
prism 6 and is incident on a detecting device 15. The 
detecting device 15 contains a plurality of photodetect- 
ing regions, and outputs a signal in response to the 
amount of light that is received. 

[0252] When recording onto and reproducing from the 15 
DVD 1 3, the light of wavelength that was emitted from 
the light source in the module 2a is reflected by the prism 
4, passes through the prism 6, and is converted by the 
focusing lens 7 to diverging light that has an optimum 
degree of divergence. 20 
[0253] Then, by changing the position of the light 
source of the module 2a as given by A to D in the dia- 
gram, it is possible to alter the degree of divergence, or 
convert it to collimated light at the focusing lens 7. When 
there is no phase plate 206, if the position of the light 25 
source of module 2a is B, then the divergent light that 
passed through the focusing lens 7 passes through the 
objective lens 11, whose numerical aperture is limited 
to NA 0.6 and which is designed such that aberrations 
with respect to the optical disk 1 2 whose substrate thick- 30 
ness is 0.1 mm are at a minimum, to become diverging 
light whose standard deviation of wavefront aberration 
is at a minimum when emitted onto the DVD 13 whose 
substrate thickness is 0.6 mm. The diverging light is re- 
flected by the mirror 8, its aberration is corrected by 35 
wavefront conversion by the phase plate 206, is focused 
by the objective lens 11 and irradiated onto the DVD 13. 
[0254] The NA of the light that is emitted from the ob- 
jective lens 11 is limited to 0.6. The light that is reflected 
by the DVD 13 passes again through the objective lens *o 
11 and the phase plate 206, is reflected by the mirror 8, 
is focused by the focusing lens 7, passes through the 
prism 6 , is reflected by the prism 4 and is incident on 
the detecting device of the module 2a. The detecting de- 
vice of the module 2a contains a plurality of photode- *s 
tecting regions, and emits a signal in response to the 
amount of light that is received. 

[0255] If the light that is incident on the objective lens 
11 is diverging, then when the objective lens is driven in 
the tracking direction, coma aberration occurs because so 
the light is incident on the objective lens 11 at an incline. 
This first embodiment is provided with an objective lens 
drive apparatus 44 that is capable of tilting, and coma 
aberration that is caused due to driving the objective 
lens 1 1 in the tracking direction can be cancelled out by 55 
coma aberration that occurs by tilting the objective lens 
11. 

[0256] FIG. 27 shows the objective lens drive appa- 



ratus 44 that is capable of tilting the objective lens 11 . 
FIG. 27A is a structural diagram of the objective lens 
drive apparatus, and FIG. 27B schematically shows a 
lateral view. A lens holder 33 is provided with the objec- 
tive lens 11 and drive coils 34a, 34b and 35, and these 
are suspended from a fixed portion 37 by wires 36. 
[0257] A magnetic circuit is constituted by the drive 
coils 34a, 34b and 35, and a magnet 38. The objective 
lens 11 is driven in the tracking direction (x direction) by 
passing an electric current through the drive coils 35, 
and is driven in the focus direction by passing an electric 
current in the same direction, and of the same value, 
through the drive coils 34a and 34b. And, by passing 
different electric currents through the electric coils 34a 
and 34b the objective lens 11 can be tilted in the $ di- 
rection as shown in FIG. 27B. Depending on the amount 
of tracking movement of the objective lens 1 1 , coma ab- 
erration can be cancelled out by tilting the objective lens 
11. 

[0258] Since a large coma aberration occurs when the 
objective lens is moved in the tracking direction in the 
second conventional example, accurate recording and 
reproduction is difficult. However according to the 
present embodiment, less aberrated light can be fo- 
cused onto the information surface by tilting the objec- 
tive lens, and information can be recorded and repro- 
duced favorably. 

Fifth Embodiment 

[0259] FIG. 28 is a structural diagram showing an op- 
tical head according to a fifth embodiment of the present 
invention. It differs from the fourth embodiment in a 
phase plate 9, and in that the light source of the module 
2a is in the position A. The position A of the light source 
of the module 2a is closer to the objective lens 11 than 
the position B, at which the standard deviation of the 
wavefront aberration of the light that is emitted from the 
module 2a is at a minimum. 

[0260] FIG. 29 shows the structure of the phase plate 
9. FIG. 29A is a plan view of an upper surface (disk side), 
and FIG. 29B is a lateral view. A phase shift step 9a that 
is circular and that has a height d is configured on the 
phase plate 9. The height d is: 

d = 2 A.1 /(n1 -1), 

whereby n1 is the refractive index of the phase plate 9 
. at the wavelength A.1 . 

[0261] During recording onto and reproducing from 
the ultra high density optical disk 12, the light of wave- 
length M is phase shifted by ZX (where X is the wave- 
length that is used) by the phase shift step 9a, however 
since this is an integer multiple of the wavelength, the 
wavefront of the light is not affected, and there is no light 
loss. That is to say, favorable jitter can be obtained dur- 
ing reproduction of the ultra high density optical disk 1 2 
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and sufficient peak intensity can be obtained when re- 
cording. 

[0262] In this case, if the wavelength X that is used is 
determined, then the phase shift 2X is also uniquely 
fixed. However if the phase shift 2X is within a predeter- 
mined range with respect to a predetermined wave- 
length X that is used, then an effect can be obtained 
whereby the wavefront of the light that has a wavelength 
within the range 380 to 420 nm is substantially unaffect- 
ed at the phase plate 9. 
[0263] More specifically, the expression: 

760 nm < (n - 1 ) x d < 840 nm 

can be satisfied when the wavelength standard is 400 
nm, which is within the range of wavelength A.1 that is 
380 to 420 nm,and n is the refractive index of the sub- 
strate at a wavelength of 400 nm. 
[0264] On the other hand, during recording and repro- 
duction of the DVD 1 3, a phase shift of d / X2 x (n2 - 1 ) 
= 1 2.X is generated in the light of wavelength X2 by the 
phase shift step 9a. Since integer multiples of the wave- 
length can be ignored for phases of the light, if consid- 
eration is given only to the portion to the right of the dec- 
imal point then d corresponds to 0.2X. That is to say, the 
wavefront of the light of wavelength X2 is converted. 
[0265] FIG. 30 shows a wavefront aberration in the 
case in which there is no phase plate 9 by a thin line, 
and the wavefront aberration in the case in which there 
is a phase plate 9 by a thick line. In the case in which 
there is no phase plate 9 : the standard deviation of the 
wavefront aberration is 77mA., however in the case in 
which there is the phase plate 9, the standard deviation 
reduced to 51 mX. This is the same as in the second con- 
ventional example. If the standard deviation of the wave- 
front aberration is lower than the Marshall Standard of 
70 mX, then the optical head has a diffraction limit ca- 
pability, and information can be recorded and repro- 
duced favorably. 

[0266] Thus, because the degree of divergence of the 
light of wavelength 2 is greater than that shown in the 
second conventional example, the present fifth embod- 
iment can get by with fewer steps on the phase plate 9, 
and the configuration is greatly simplified. That is to say, 
fabrication of the phase plate is facilitated, light loss can 
be suppressed, and electrical power consumption of the 
light source can be reduced. 

[0267] Furthermore, if the light that is incident on the 
objective lens 11 is divergent light, then coma aberration 
occurs when the objective lens 44 is driven in the track- 
ing direction. However by using the objective lens drive 
apparatus 44, which is capable of tilting and which was 
described in the fourth embodiment, if the objective lens 
1 1 is tilted in response to the amount of tracking move- 
ment, coma aberration can be cancelled out. 
[0268] Thus, according to the present fifth embodi- 
ment, it is possible to suppress the loss of light to the 



ultra high density optica! disk 12 and the DVD 13 using 
a phase plate of simple construction. Furthermore s since 
coma aberration can be corrected by tilting the objective 
lens 11 , it is possible to focus light with less aberrations 
5 onto the information surface, and information can be re- 
corded and reproduced favorably. 

[0269] It should be noted that for simplicity, the mod- 
ule 2a combines the light source and the detecting de- 
vice in a single body. However the light source and the 
10 detecting device may also be separate bodies. 

Sixth Embodiment 

[0270] FIG. 31 shows a structural diagram of an opti- 

15 cal head according to a sixth embodiment of the present 
invention. It differs from the fourth embodiment in the 
light source of the module 2a being in the position C, a 
phase plate 16, and in that a tilting apparatus for the 
objective lens 11 not being necessary. 

20 [0271] The position of the light source of the module 
2a is at position C, which is substantially the mid point 
between position D and position B. That is to say, the 
position C is a position that is substantially midway be- 
tween the position D, from which point the light of wave- 

25 length X2 that passes through the focusing lens 7 is col- 
limated light, and the position B, from which point the 
light of wavelength X2 that passes through the focusing 
lens 7 passes through the objective lens 11 , whose nu- 
merical aperture is limited to 0.6 and which is designed 

30 such that aberration of light is at a minimum with respect 
to the optical disk 12 whose substrate thickness is 0.1 
mm, to have minimum wavefront aberration when irra- 
diated onto the DVD whose substrate thickness is 0.6 
mm. 

35 [0272] Since the degree of divergence of the diverg- 
ing light that is incident on the objective lens 11 is less 
than when the light source of the module 2a is in position 
B, even if the objective lens 1 1 is driven in the tracking 
direction, the occurrence of coma aberration is negligi- 

40 ble. That is, since there is no necessity to provide a tilting 
apparatus for tilting the objective lens 11, the system 
configuration can be simple. 

[0273] FIG. 32 shows a structure of a phase plate 1 6. 
FIG. 32A is a plan view of an upper surface (disk side), 

45 and FIG. 32B is a lateral view. A phase shift step 16a 
that provides concentric ring-shaped steps d, 2d, 3d and 
4d, whose single step height is d, is configured on the 
phase plate 1 6. When the refractive index of the phase 
plate 1 6 at the wavelength A.1 is set to n1 , the height d 

50 is determined by: 

d = 2 A.1 /(n1 - 1). 

55 [0274] Furthermore, as described in the fifth embodi- 
ment, if the phase shift is within a predetermined range, 
than an effect can be obtained whereby the wavefront 
of the light that has a wavelength that is within the range 
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380 to 420 nm is substantially unaffected at the phase 
plate. 

[0275] More specifically, the expression: 
760 nm < (n - 1) x d < 840 nm 

can be satisfied when the wavelength standard is set to 
400 nm, which is within the range of wavelength that 
is 380 to 420 nm, and n is the refractive index of the 
substrate at a wavelength of 400 nm. 
[0276] During recording and reproducing of the ultra 
high density optical disk 12, the light of wavelength X1 
is phase shifted by 2X by the height d, however since 
this is an integer multiple of the wavelength, the wave- 
front of the light is not affected, and there is no light loss. 
That is to say, a favorable jitter is obtained when repro- 
ducing from the ultra high density optical disk 12 and 
sufficient peak intensity can be obtained when record- 
ing. 

[0277] On the other hand, during recording and repro- 
duction of the DVD 13, the height d generates a phase 
shift of d/X2 x (n2- 1) = 1. 2 X in the light of wavelength 
X2. Since integer multiples of the wavelength can be ig- 
nored for phases of -the light, if consideration is given 
only to the portion to the right of the decimal point, then 
d corresponds to 0.2A.. Similarly, heights 2d, 3d, and 4d 
correspond to phase shifts of 0AX, 0.6 A. and 0.8A.. That 
is to say, the wavefront of the light of wavelength X2 is 
converted. 

[0278] FIG. 33 shows a wavefront aberration in the 
case in which there is no phase plate 16 by a thin line, 
and the wavefront aberration in the case in which there 
is a phase plate 1 6 by a thick line. The width and height 
of the steps of the phase plate 1 6a are configured so as 
to correct the wavefront aberration of the thin line. Thus, 
while the standard deviation of the wavefront aberration 
is 490 mX when there is no phase plate 1 6, it reduces 
to 58 mA, when the phase plate 16 is in place. If the 
standard deviation of the wavefront aberration is lower 
than the Marshall Standard of 70 mX, then the optical 
head has a diffraction limit capability, and information 
can be recorded and reproduced favorably. 
[0279] Thus, since the coma aberration that is gener- 
ated when the objective lens 1 1 is driven in the tracking 
direction can be suppressed according to the present 
embodiment, it is possible to omit the tilting apparatus 
of the objective lens 11 , the optical head can be made 
straightforward, and the system configuration also sim- 
plified. Furthermore, because it is possible to focus light 
with less aberrations onto the information recording sur- 
faces of the ultra high density optica! disk 12 and the 
DVD 13, information can be recorded and reproduced 
favorably. 

[0280] It should be noted that that the present embod- 
iment is described using an example in which the phase 
shift step has a height of 4d, however it is also possible 
to use heights of 5d, 6d or greater. 



[0281] Furthermore, even if the position of the light 
source of the module 2a is between C and D, if the con- 
figuration of the width and height of the phase shift step 
is changed so as to correct the wavefront aberration, 

5 then the same effect can be obtained. 

[0282] Furthermore, for simplicity the module 2a com- 
bines the light source and the photodetector in a single 
body, however the light source and the photodetector 
may also be separate bodies. 

10 [0283] Furthermore, although in the present embodi- 
ment, the coma aberration is suppressed to the extent 
that tilting the objective lens 11 is not necessary, how- 
ever it is possible to add a tilt drive to the objective lens 
11 . By adding tilting, the tilt margin of the optical disk is 

15 enlarged, and even disks that are warped to a large ex- 
tent can be favorably recorded and reproduced. 

Seventh Embodiment 

20 [0284] An optical head according to the seventh em- 
bodiment of the present invention is shown in FIG. 34. 
It differs from the sixth embodiment in that there is no 
module for the DVD 1 3, only a light source 2, and in that 
it has a phase shift step 1 7. The light source 2 is set in 

25 a position such that the light of wavelength X2 that pass- 
es through the focusing lens 7 is collimated light. Thus, 
since the light that was reflected by the DVD 13 can be 
focused on the detecting device 1 5 it is possible to use 
the detecting device for both the ultra high density opti- 

30 cal disk 12 and for the DVD 13. That is : the number of 
parts can be reduced, and a cost reduction achieved. 
Furthermore, since the light that is incident on the ob- 
jective lens 11 is collimated light, there is no necessity 
for the tilting apparatus for the objective lens 11 , the op- 

35 tical head is simplified, and coma aberration does not 
occur even when the objective lens 11 is driven in the 
tracking direction. 

[0285] FIG. 35 shows the structure of the phase plate 
1 7. FIG. 35A is a plan view from an upper surface (disk 

40 side), and FIG. 35B is a lateral view. A phase shift step 
1 7a that has concentric ring-shaped steps d, 2d, 3d and 
4d, whose single step height is d, is configured on the 
phase plate 1 7. When the refractive index of the phase 
plate 1 7 at the wavelength A.1 is set to n1 , the height d 

45 is determined by: 

d = 2 X 1 /(n1 -1). 

so The configuration in FIG. 35B has an increased number 
of steps in the radial direction than that of the structure 
in FIG. 32B of the sixth embodiment. However since the 
minimum width is in the order of 12 uxn, it is easier to 
fabricate. 

55 [0286] During recording and reproduction of the ultra 
high density optical disk 1 2, the light of wavelength A.1 
is phase shifted by 2X by the height d, however since 
this is an integer multiple of the wavelength, the wave- 
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front of the light is not affected, and there is no light loss. 
That is to say, a favorable jitter can be obtained during 
reproduction from the ultra high density optical disk 12 
and sufficient peak intensity can be obtained when re- 
cording. 

[0287] Furthermore, as described in the fifth embodi- 
ment, if the phase shift 2X is within a predetermined 
range, then an effect can be obtained whereby the 
wavefront of the light that has a wavelength within the 
range 380 to 420 nm is substantially unaffected at the 
phase plate. 

[0288] More specifically, the expression: 

760 nm<(n-1) x d < 840 nm 

can be satisfied when the wavelength standard is 400 
nm, which is within the range of wavelength X.1 that is 
380 to 420 nm,andnisthe refractive index of the sub- 
strate at a wavelength of 400 nm. 
[0289] On the other hand, during recording and repro- 
duction of the DVD 13, the height d generates a phase 
shift of d / X2 x (n2 - 1 ) = 1 .2X in the light of wavelength 
X2. Since integer multiples of the wavelength can be ig- 
no red for phases of the Ijght, when consideration is giv- 
en only to the portion to the right of the decimal point, d 
corresponds to 0.2X. Similarly, heights 2d, 3d : and 4d 
correspond to phase shifts of 0.4X, 0.6A. and 0.8A.. That 
is to say, the wavefront of the light of wavelength X2 is 
converted. 

[0290] FIG. 36 shows a wavefront aberration in the 
case in which there is no phase plate 1 7 by a thin line, 
and a wavefront aberration in the case in which there is 
a phase plate 1 7 by a thick line. The width and height of 
the steps of the phase plate 1 7 are configured so as to 
correct the wavefront aberration of the thin line. Thus, 
while the standard deviation of the wavefront aberration 
is 780 mX when there is no phase plate 17, it reduces 
to 58 mX when the phase plate 17 is in place. If the 
standard deviation of the wavefront aberration is lower 
than the Marshall Standard of 70 mX, then the optical 
head has a diffraction limit capability, and information 
can be recorded and reproduced favorably. 
[0291] In this manner, by causing the light that is inci- 
dent on the objective lens 11 to be collimated light ac- 
cording to the present embodiment, the necessity of the 
tilting apparatus for the objective lens 11 disappears, the 
optical head can be made more straightforward, and the 
system configuration also simplified. Furthermore, be- 
cause it is possible to focus light with less aberrations 
onto the information recording surfaces of the ultra high 
density optical disk 12 and the DVD 13, information can 
be recorded and reproduced favorably. 
[0292] It should be noted that that the present embod- 
iment is described using an example in which the phase 
shift step has a height of 4d, however it is also possible 
to use heights of 5d, 6d or greater. 
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Eighth Embodiment 

[0293] An optical head according to the eighth em- 
bodiment is shown in FIG. 37. It differs from the seventh 
5 embodiment in the provision of a mirror 1 9, and a phase 
plate 1 8, but the configuration up to where the light that 
is emitted from the light source becomes collimated 
light, and the configuration in which the light that was 
reflected by the optical disk 1 2 is incident on the detect- 
ing device 15 are the same as in the seventh embodi- 
ment. 

[0294] As shown in FIG. 38, the mirror 19 has a flat 
reflecting surface 19a and a curved reflecting surface 
19b, which has a radius of curvature R. The reflecting 
surface 19a is constituted by a dichroic film that totally 
reflects a light 1a of wavelength X.1 remain parallel with 
respect-to the objective lens 1 1 , while allowing a light 2b 
of wavelength X2 to completely pass. 
[0295] Furthermore, the reflective surface 1 9b totally 
reflects and converts the light 2b of wavelength X2 into 
diverging light that has a degree of convergence that is 
optimal for the objective lens 11 . The phase shift steps 
of the phase plate 1 8 are set in response to the degree 
of divergence. For example, the degree of divergence 
and the phase plate 18 can be the same as in the sixth 
embodiment. 

[0296] Thus with such a configuration, since thecoma 
aberration that occurs when the objective lens 11 is driv- 
en in the tracking direction can be suppressed to an in- 
significant amount, it is possible to focus light with less 
aberrations onto the information recording surfaces of 
the ultra high density optical disk 12 and the DVD 13, 
and information can be recorded and reproduced favo- 
rably. Furthermore, costs can be reduced since the de- 
tecting devices can be combined into one. 
[0297] Furthermore, since the number of steps is few- 
er, and the width of the steps is wider than in the seventh 
embodiment, manufacture is facilitated, fabrication to 
shape as designed is possible, and it is possible to re- 
duce light loss. 

Ninth Embodiment 

[0298] A description of the ninth embodiment of the 
present invention uses FIG. 39. FIG. 39 shows a struc- 
tural diagram of the phase plate 18. FIG. 39A is a lateral 
view, and FIG. 39B is a view of a rear surface. The phase 
plate 1 8 is constituted by a phase shift step 18a on an 
upper surface (disk side), and a chromatic aberration 
correction hologram 1 8b that has the power of a convex 
lens on the rear surface (side furthest from the disk). 
[0299] The chromatic aberration correction hologram 
1 8b is disclosed in detail in the Patent Document 3 (JP 
2001-60336A). This corrects chromatic aberration by 
canceling out the aberration that is caused at the objec- 
tive lens by a shift in the wavelength of the light of wave- 
length XI , by changing the diffraction angle of a diffrac- 
tion grating. By configuring the phase plate 18 and the 
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chromatic aberration correction hologram 1 8b as a sin- 
gle piece, it is possible to correct chromatic aberration 
without supplementing new parts. 
[0300] It should be noted that it is possible to obtain 
the same effect by configuring the chromatic aberration 
correction hologram into a single piece with the phase 
plates that are described in the fourth to eighth embod- 
iments. 

Tenth Embodiment 

[0301] An optical head according to the tenth embod- 
iment of the present invention is shown in FIG. 40. The 
ultra high density optical disk 12 whose substrate thick- 
ness is 0.1 mm, the optical disk (DVD) 13 whose sub- 
strate thickness is 0.6 mm and the optical disk (CD) 14 
whose substrate thickness is 1 .2 mm are shown in their 
recording and reproduction state, and for the purpose 
of simplifying the description, they are drawn overlap- 
ping in the same position. 

[0302] The optical head contains the light source 1 
that emits light of a wavelength 380 nm to 420 nm (wave- 
length A,1 ), the light source 2 that emits light of a wave- 
length 630 nm to 680 nm (wavelength A2) and the light 
source 3 that emits light of a wavelength 780 nm to 820 
nm (wavelength A3). 

[0303] During recording and reproduction of the ultra 
high density optical disk 12, the light of wavelength A1 
that is emitted from the light source 1 passes through 
the prisms 4. 5, and 6, and is converted to collimated 
light by the focusing lens 7. This collimated light is re- 
flected by the mirror 8, passes through a liquid crystal 
hologram 10 and the phase plate 17, is focused by the 
objective lens 11, and is irradiated onto the ultra high 
density optical disk 1 2. 

[0304] Here, the objective lens 1 1 is designed to have 
an NA of 0.85, and to handle light of wavelength A.1 and 
a disk whose substrate thickness is 0.1 mm. Further- 
more, the phase plate 1 7 : as will be explained below, is 
designed to allow light of wavelength A.1 and A3 to pass 
without being affected, and to convert the wavefront of 
the light of wavelength X2. 

[0305] Furthermore, during recording and reproduc- 
tion of the ultra high density optical disk, the liquid crystal 
hologram is in a state in which a voltage is not applied 
(OFF), and the light passes through without being af- 
fected. The light that was reflected by the ultra high den- 
sity optical disk 1 2 passes again through the objective 
lens 11, the phase plate 17 and the liquid crystal holo- 
gram 10, and is reflected by the mirror 8. This reflected 
light is focused by the focusing lens 7, is reflected by 
the prism 6, and is incident on the detecting device 15. 
The detecting device 15 contains a plurality of photode- 
tecting regions, and outputs a signal in response to the 
amount of light that is received. 

[0306] During recording and reproduction of the DVD 
13, the light of wavelength k2 that is emitted from the 
light source 2 is reflected by the prism 4, passes through 



the prisms 5 and 6, and is converted to collimated light 
by the focusing lens 7. This collimated light is reflected 
by the mirror 8 : passes through the liquid crystal holo- 
gram 10, is wavefront converted by the phase plate 1 7, 
5 is focused by the objective lens 1 1 , and is irradiated onto 
the DVD 13. 

[0307] Here, the NA of the light that is emitted from 
the objective lens 11 is limited to 0.6. Furthermore, the 
phase plate 17 is designed such that after passing 

10 through the objective lens 11, which is designed such 
that aberration with respect to the disk whose substrate 
thickness is 0.1 mm is at a minimum, when the collimat- 
ed light of wavelength A2 is irradiated onto the optical 
disk whose substrate thickness is 0.6 mm, the standard 

15 deviation of the wavefront aberration is not more than 
70 mA. 

[0308] Furthermore, during recording and reproduc- 
tion of the DVD 13, the liquid crystal hologram is in the 
OFF condition, and the light of wavelength A2 passes 

20 through without being affected. The light that was re- 
flected by the DVD 13 passes again through the objec- 
tive lens 11, the phase plate . 17 and the liquid crystal 
hologram 10, and is reflected by the mirror 8. This re- 
flected light is focused by the focusing lens 7, is reflected 

25 by the prism 6, and is incident on the detecting device 
15. 

[0309] During recording and reproduction of the CD 
1 4, the light of wavelength A3 that was emitted from the 
light source 3 is reflected by the prism 5 , passes through 

30 the prism 6, and is converted to collimated light by the 
focusing lens 7. This collimated light is reflected by the 
mirror 8, and is wavefront converted by the liquid crystal 
hologram 10. Moreover, it passes through the phase 
plate 1 7, is focused by the objective lens 1 1 , and is irra- 

35 diated onto the CD 1 4. 

[0310] Here, the NA of the light that is emitted by the 
objective lens 11 is limited to 0.45. Furthermore, the 
phase plate 1 7 allows the light of wavelength A3 to pass 
without influence. Furthermore; during recording and re- 

40 production of the CD 14, the liquid crystal hologram is 
in a condition in which an electric voltage is applied 
(ON), and is designed such that, the standard deviation 
of the wavefront aberration is not more than 70 mA when 
the collimated light of wavelength A3 is irradiated onto 

45 the optical disk whose substrate thickness is 1 .2 mm af- 
ter passing through the objective lens 11 . 
[0311] The light that was reflected by the CD 14 again 
passes through the objective lens 11, the phase plate 
1 7 and the liquid crystal hologram 1 0 : is reflected by the 

50 mirror 8, is focused by the focusing lens 7, and is reflect- 
ed by the prism 6 to be incident on the detecting device 
15. 

[0312] The configuration of the phase plate 1 7 is the 
same as the structure in FIG. 35. That is to say the phase 
55 shift step 1 7a that has concentric ring-shaped steps d, 
2d, 3d and 4d, whose single step height is d, is provided 
on the phase plate 1 7. 

[0313] When the refractive index of the phase plate 
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17 at wavelengths A1 and A3 is n1 and n3, the height d is: 

d = 2 A1 /(n1 - 1). 

The refractive indices n1 and n2 satisfy: 

-1 0 nm < A1 I (n1 - 1 ) - A3/ (n3 - 1 ) / 2 < 1 0 nm. 

The wavefront of the light of wavelength A2 can be con- 
verted substantially without influencing the light of wave- 
length A1 and A3 by appropriately selecting the wave- 
length that is used and the material of the phase plate. 
[0314] During recording and reproduction of the ultra 
high density optical disk 12, the light of wavelength A1 
is phase shifted ZX by the height d, and during recording 
and reproduction of the CD 14, the phase shift of the 
light of wavelength A3 by the height d is substantially X. 
When using light of either wavelength XI or X3, the 
phase shift is an integer multiple of the wavelength so 
the wavefront of the light is unaffected, and there is no 
loss of light. That is, favorable jitter can be obtained 
when replaying from the ultra high density optical disk 
12 and the CD 14, .and sufficient peak intensity can be 
obtained when recording. 

[0315] Furthermore, as shown in the fifth embodi- 
ment, if the phase shift 2X is within a predetermined 
range, then an effect can be obtained whereby the 
wavefront of the light that has a wavelength within the 
range 380 to 420 nm is substantially unaffected at the 
phase plate. 

[0316] More specifically, the expression: 
760 nm < (n - 1) x d < 840 nm 

can be satisfied when the wavelength standard is 400 
nm, which is within the range of wavelength XI that is 
380 to 420 nm, and n is the refractive index of the sub- 
strate at a wavelength of 400 nm. 

[0317] On the other hand, during recording and repro- 
duction of the DVD 1 3, a phase shift of d / A2 x (n2 - 1 ) 
= 1 .2 X is generated in the light of wavelength A2. Since 
integer multiples of the wavelength can be ignored for 
phases of the light, when consideration is given only to 
the portion to the right of the decimal point, d corre- 
sponds to 0.2A. Similarly, heights 2d, 3d, and 4d corre- 
spond to phase shifts of 0.4A, 0.6A and 0.8A. That is to 
say, the wavefront of the light of wavelength XZ is con- 
verted. 

[031 8] For example, if the wavelength of the lights that 
are used is A1 = 405 nm, X2 = 650 nm and A3 = 780 nm, 
then BK7, which is a common glass material can be 
used as the material of the phase plate, and the height 
of one step of the phase shift step can be d = 1 .5292 
urn. Since the refractive index of BK7 is n1 = 1.15297, 
n2 = 1 .5141 and n3 = 1 .5107, the phase shift per step 



for the lights of wavelength A1 , A2 and A3 are respec- 
tively 2X, 1 .2A. and A. That is, when using the ultra high 
density optical disk 12 and the CD 14, the phase plate 
has no influence, and the wavefronts can be converted 
5 only when using the DVD 13. 

[0319] FIG. 36 shows a wavefront aberration in the 
case in which there is no phase plate 1 7 by a thin line, 
and the wavefront aberration in the case in which there 
is a phase plate 1 7 by a thick line. The width and height 

10 of the steps of the phase shift step 17a are configured 
so as to correct the wavefront aberration of the thin line.- 
Thus, while the standard deviation of the wavefront ab- 
erration is 780 mA when there is no phase plate 17, it 
reduces to 58 mA when the phase plate 1 7 is in place. 

15 if the standard deviation of the wavefront aberration is 
lower than the Marshall Standard of 70 mA, then the op- 
tical head has a diffraction limit capability, and informa- 
tion can be recorded and reproduced favorably. 
[0320] FIG. 41 shows the structure of the liquid crystal 

20 hologram 10. FIG. 41 A is a plan view of an upper surf ace 
(disk side), and FIG 41 B is an enlarged cross-sectional 
view. A relief-shaped hologram pattern is provided on a 
substrate 1 0b whose refractive index is no, and a trans- 
parent electrode 10c is formed on that face. A liquid 

25 crystal 10a is sandwiched between transparent elec- 
trodes 10c and 10d. 

[0321] The refractive index of the liquid crystal 10a 
changes depending on the voltage across the transpar- 
ent electrode 10c and 10d. It has a refractive index of 

30 ne when in the state in which there is an applied voltage 
(ON), and has a refractive index of no when in the state 
in which there is no applied voltage (OFF). In the OFF 
condition, the liquid crystal 10a and the substrate 10b 
have equivalent refractive indices. Although it is a sim- 

35 pie flat plate in this case, a difference in the refractive 
indices is generated in the ON state, and a refractive 
effect is generated due to the hologram. 
[0322] A predetermined diffraction effect can be ob- 
tained by appropriately selecting the combination of the 

*o material of the substrate 1 0b and the material of the liq- 
uid crystal 10a. The hologram has aberrations so as to 
cancel out wavefront aberrations that are generated 
when the light of wavelength X3 passes through the ob- 
jective lens 11 and is irradiated onto the CD 14. That is, 

45 when using the ultra high density optical disk 1 2 and the 
DVD 13, if the hologram is turned to the OFF condition, 
then the lights are unaffected, and if the hologram is 
turned to the ON condition, then the wavefront of the 
light can be converted. 

50 [0323] Thus, according to the present embodiment, it 
is possible to focus light with less aberrations onto the 
information recording surfaces of the ultra high density 
optical disk 12, the DVD 13 and the CD 14, and infor- 
mation can be favorably recorded and reproduced. 

55 [0324] It should be noted that in the tenth embodiment 
of the present invention, a case is described in which 
the light of wavelength A2 is converted to collimated light 
by the focusing lens 7. However it is also possible to use 
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cases in which' it is converted to diverging light, such as 
in the fifth and sixth embodiments. 
[0325] Furthermore, recording and reproduction of 
the CD 14 is described using the liquid crystal, however 
the phase shift step of the present invention is charac- 
terized in that it does not influence the CD 14, so it is 
possible to use any method known in the art to record 
and reproduce the CD 14. 

[0326] Furthermore, if the hologram pattern of the liq- 
uid crystal is configured to cancel out the wavefront ab- 
erration that is generated by the DVD 13, then it is pos- 
sible to use the liquid crystal even during recording and 
reproduction of the DVD 13. Moreover, it is also possible 
to mount individual liquid crystal holograms for the CD 
14 and the DVD 13. 

[0327] Furthermore, the height of the phase shift 
steps of the fifth to the tenth embodiments was d = 2X 
1 / (n1 - 1). However if the present invention is limited 
to recording onto and reproducing from the ultra high 
density optical disk 1 2 and the DVD 13, then it is possi- 
ble to realize the same phase shift even if the height is 
d = X.1 /(n1 -1). 

[0328] Furthermore, as described previously, if the 
phase shift is within a predetermined range, then an ef- 
fect can be obtained whereby the wavefront of the light 
that has a wavelength within the range 380 to 420 nm 
is substantially unaffected at the phase plate. Due to 
this : when the refractive index at the standard wave- 
length of 400 nm is n, then it is also possible that the 
expression: 

380 nm < (n - 1) x d < 420 nm 

is satisfied. 

[0329] In this case, since the height d generates a 
phase shift of 0.6A. in the light of wavelength A2, d, 2d, 
3d and 4d correspond to phase shifts of 0.6A., 0.2A., 0.8A, 
and 0.4X.. For example, the phase shift step 16a (FIG. 
32) of the sixth embodiment becomes the same as the 
phase shift step 16b that is shown in FIG 42. 
[0330] If done in this manner, since the height of the 
steps can be lowered, fabrication of the phase plate is 
facilitated and the manufacturing time can be shortened. 
Furthermore, since it is easier to fabricate the shape as 
designed, light loss is less and the effect of suppressing 
electrical power consumption can be obtained. 
[0331] Furthermore, the phase shift step can be 
formed easily by etching a glass substrate. Further- 
more, it is also possible to form the phase shift step by 
molding glass or resin. Furthermore, it is also possible 
to form the phase shift step into a single piece with the 
objective lens. 

[0332] It should be noted that if using resin as the ma- 
terial for the phase shift step, because chemical chang- 
es are likely to occur when the wavelength is less than 
420 nm, it is preferable that the light absorptance ratio 
is not more than 5%, and more preferably is not more 



than 3%. It is preferable to use amorphous polyolefins 
(such as Zonex or APEL), for example. 
[0333] Furthermore, a disk whose substrate thickness 
is 0.1 mm and whose NA is 0.85 was assumed as an 
5 example of the ultra high density optical disk, however 
it is not limited to this. 

[0334] Furthermore, no particular method is de- 
scribed for limiting the aperture of the light. However 
there are methods in which a wavelength selecting filter 

10 (not shown) is vapor deposited on the phase plate 1 7 or 
the objective lens 1 1 , or in which a separate glass filter 
is provided. Furthermore, it is also possible to restrict 
the light by providing an aperture on the light path that 
is traveled only by light of each wavelength (between 

15 the light source and the prism). 

Eleventh Embodiment 

[0335] An optical head according to the eleventh em- 
bodiment of the present invention is shown in FIG. 43. 
This diagram shows the ultra high density optical disk 
1 2 whose substrate thickness is 0.1 mm, the optical disk 
(DVD) 13 whose substrate thickness is 0.6 mm and the 
optica! disk (CD) 14 whose substrate thickness is 1 .2 
mm. In order to simplify the description, these are drawn 
as overlapped in the same position. 
[0336] The optical head contains the light source 1 of 
wavelength 380 nm to 420 nm (A.1), the light source 2 
of wavelength 630 nm to 680 nm (X2) and the light 
source 3 of wavelength 780 nm to 820 nm (A3). 
[0337] During recording and reproduction of the ultra 
high density optical disk 12, the light of wavelength X^ 
that is emitted from the light source 1 passes through 
the prisms 4, 5, and 6, and is converted to collimated 
light by the focusing lens 7. This collimated light is re- 
flected at a reflecting surface 67a of a dichroic mirror 
20, passes through the phase plate 1 7, is focused by an 
objective lens 39 and is irradiated onto the ultra high 
density optical disk 12. 

[0338] Here, the reflecting surface 67a is constituted 
by a dichroic film that totally reflects the light of wave- 
length X1 and X2, and causes the light of wavelength X3 
to completely pass. The phase plate 1 7 is the same as 
the phase plate that was used in the seventh embodi- 
ment. Furthermore, the objective lenses 39 and 45; and 
the phase plate 1 7 are mounted in a lens holder 33. 
[0339] The light that was reflected by the ultra high 
density optical disk 12 passes again through the objec- 
tive lens 39 and the phase plate 17, and is reflected by 
the reflecting surface 67a of the dichroic mirror 67. This 
reflected light is focused by the focusing lens 7, and is 
reflected by the prism 6 to be incident on the detecting 
device 15. The detecting device 15 contains a plurality 
of photo detecting regions, and outputs a signal in re- 
sponse to the amount of light that is received. 
[0340] During recording and reproduction of the DVD 
13, the light of wavelength X2 that is emitted from the 
light source 2 is reflected by the prism 4, passes through 
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the prisms 5 and 6, and is converted to collimated light 
by focusing lens 7. This collimated light is reflected 
by if 3 reflecting surface 67a of the dichroic mirror 67, is 
wavefront converted by the phase plate 1 7, is focused 
by the objective lens 39 and is irradiated onto the DVD 
13. 

[0341] The light that was reflected by the DVD 13 
passes again through the objective lens 39 and the 
phase plate 1 7, and is reflected by the reflecting surface 
67a of the dichroic mirror 67. This reflected light is fo- 
cused by the focusing lens 7, and is reflected by the 
prism 6 to be incident on the detecting device 1 5. 
[0342] During recording and reproduction of the CD 
14, the light of wavelength X3 that was emitted from the 
light source 3 is reflected by the prism 5, passes through 
the prism 6 and is converted to collimated light by the 
focusing lens 7. This collimated light passes through the 
reflecting surface 67a of the dichroic mirror 67, is reflect- 
ed at a reflecting surface 67b, is focused by an objective 
lens 45 and is irradiated onto the CD 14. 
[0343] The light that is reflected by the CD 1 4 passes 
again through the objective lens 45, is reflected by the 
reflecting surface 67b of the dichroic mirror 67, is fo- 
cused by the focusing lens 7 and is reflected by the 
prism 6 to be incident on the detecting device 15. 
[0344] By using separate objective lenses 39 and 45, 
information can be recorded and reproduced from each 
of the ultra high density optical disk 12, the DVD 13 and 
the CD 14. 

[0345] An objective lens drive apparatus in which the 
objective lenses 39 and 45 are mounted in the lens hold- 
er 33 is described in detail using FIG. 44. The lens holder 
33 contains the objective lens 39, which is used when 
recording onto and reproducing from the ultra high den- 
sity optical disk 12 and the DVD 13, the objective lens 
45, which is used when recording to and reproducing 
from the CD 14 and drive coils 34a, 34b and 35, and is 
suspended from the fixed portion 37 by the wires 36. 
[0346] A magnetic circuit is constituted by the drive 
coils 34a, 34b and 35, and a magnet 38. The objective 
lenses 39 and 45 are driven in the tracking direction (x 
direction) by passing an electric current through the 
drive coils 35, and are driven in the focus direction by 
passing an electric current in the same direction, and of 
the same value, through the drive coils 34a and 34b. 
[0347] And, by passing different electric currents 
through the electric coils 34a and 34b the objective lens 
39 can be tilted in the ({> direction as shown in FIG. 45. 
With this configuration, coma aberration caused by tilt- 
ing of the optical disk can be corrected by tilting the ob- 
jective lens 39. 

[0348] The present embodiment differs from the third 
embodiment in that the two objective lenses 39 and 45 
are lined up in the tracking direction (x direction). 
[0349] FIG. 46 shows the condition of a spot of light 
that is irradiated onto the optical disk. The differential 
push>pull method (DPP) and the three beam method 
use a main spot for reproducing information, and two 



sub spots for tracking detection. The main spot 39a of 
the objective lens 39 shown in FIG. 44 is the spot in a 
position 57a shown in FIG. 46. The sub spots are in po- 
sitions 57b and 57c and are set at an angle 9 0 that is 
5 optimum for the play track 59a. 

[0350] In the three beam method, for example, the an- 
gle 6 0 is set such that the sub spots 57b and 57c are 
positioned at 1/4 Tp (where Tp is the track pitch of the 
optical disk). Furthermore, in the DPP method, the sub- 
10 spots 57b and 57c are set so as to be positioned at 1/2 
Tp. These spots move in the x-direction in accordance 
with the seek operation of the optical head, and the po- 
sitions of the spots become 58a, 58b and 58c. 
[0351] Since the spot positions 57a and 57b lie on a 
straight line that passes through the rotational center O 
of the optical disk in the x direction, even if the seek op- 
eration of the optical disk is performed, the angle at the 
play track 59b is kept at 6 0 . The spot of the objective 
lens 45 is also the same. 

[0352] Thus, according to the present embodiment, 
by lining up two objective lenses in the tracking direction 
it is possible to use the DPP method or the three beam 
method, which are common tracking methods, and fa- 
vorable tracking detection can be carried out. 
[0353] Here, common objective lenses contain more 
or less coma aberration that is caused by manufacturing 
errors. In order to correct this, it is common practice to 
perform skew adjustment by tilting the optical axis of the 
objective lens with respect to the light that is incident on 
the objective lens. Skew adjustment is carried out by tilt- 
ing the objective lens drive apparatus. As for the objec- 
tive lens drive apparatus on which the two objective 
lenses are mounted, the objective lenses change posi- 
tion as a single body when the objective lens drive ap- 
paratus is tilted. Due to this, even if skew adjustment is 
performed on one objective lens, the other lens does not 
necessarily reach its optimum condition. Furthermore, 
it is necessary to raise the accuracy of the skew adjust- 
ment with increased optical disk recording density. 
[0354] In the present embodiment, by dedicating use 
of the objective lens 45 to the CD 14, which has the low- 
est recording density of the three optical disks, it is pos- 
sible to separate the skew adjustment of the objective 
lens 39, omitting it with respect to the objective lens 45, 
and thus simplify the skew adjustment. That is to say, 
skew adjustment of the objective lens 39 is carried out, 
but dedicated skew adjustment is not necessary for the 
CD 14. 

[0355] With regard to the CD whose recording density 
is relatively low, since there is no particular necessity for 
accurate skew adjustment, even without an adjustment 
that tilts the objective lens drive apparatus, it is sufficient 
to have coarse adjustment in which the objective lens 
45 is tilted with respect to the lens holder 33. Further- 
more, since the CD uses a relatively long wavelength 
and a low NA, there is a large degree of freedom in the 
design of the objective lens 45. By removing sine con- 
ditions, it is possible to design an objective lens 45 such 
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as this to suppress to a minimum the coma aberration 
that occurs when the objective lens 45 is tilted. If an ob- 
jective lens 45 that is designed in such a way is used, 
then dedicated skew adjustment for the CD 14 can be 
omitted. 

[0356] It should be noted that a wire suspension-type 
objective lens drive apparatus was used in describing 
the present embodiment However a similar effect of 
simplifying the skew adjustment can be obtained even 
if two objective lenses are mounted on an axially oscil- 
lating-type objective lens drive apparatus. 
[0357] Furthermore, since the CD 14 has a low NA, 
the outside diameter of the objective lens 45 can be de- 
signed to be smaller. That is, it is possible to arrange 
the objective lens 45 on the inner circumferential side of 
the optical disk of the objective lens 39. 
[0358] This is illustrated using FIG. 47. The objective 
lenses 39 and 45 are arranged lined up in the tracking 
direction on an optical head 62. The ultra high density 
optical disk 1 2 is fixed, sandwiched between a turntable 
63 and a clamper 64, and is rotated by a motor 65. 
[0359] The optical head 62 rides on a traverse 66, and 
is capable of moving (seek operation) from the inner cir- 
cumference to the outer circumference of the optical 
disk 12. The optical head 62 and the motor 65 are in 
close proximity when the optical head 62 moves to the 
position of the information that is recorded at the most 
inner circumference of the optical disk 12. 
[0360] I n this case, since the outer diameter of the ob- 
jective lens 45 is small, the objective lens 39 can move 
to the inner most circumference position, and it is pos- 
sible to read in information without problems. Further- 
more, information on the inner most circumference also 
can be reproduced using the objective lens 45. 
[0361] Furthermore, since the objective lens 45 is 
shifted further from the central position of the lens holder 
33 than the objective lens 39, as shown in FIG. 45, a 
movement in the focus direction Z T occurs when tilted. 
This causes the tilt control to interfere with the focus con- 
trol, and is not preferable from the standpoint of control 
stability. 

[0362] On the other hand, since the objective lens 39 
is positioned in the center (tilting center) of the lens hold- 
er 33, there is no substantial movement in the focus di- 
rection, and control interference does not occur. That is, 
with respect to the ultra high density optical disk 12 and 
the DVD 13, with which tilting is preferable, information 
can be recorded and reproduced reliably and favorably 
using tilt control by arranging the objective lens 39 in the 
center of the lens holder 33. 

[0363] Thus, according to the present embodiment, 
by arranging the objective lens 39 that is for the ultra 
high density optical disk 1 2 and the DVD 1 3 in the center 
of the lens holder, and arranging the objective lens 45 
for the CD 14 on the inner peripheral side of the optical 
disk, many effects can be obtained, such as simplifying 
skew adjustment, allowing reproduction of data on the 
inner most circumference of the optical disks and mak- 



ing it possible to tilt the objective lens for the ultra high 
density optical disk and the DVD. 
[0364] It should be noted that if tilting is not necessary, 
then the drive coils 34a and 34b can be interchangeable. 
[0365] Furthermore, the present embodiment was ex- 
plained using the phase plate 17. However a liquid crys- 
tal or a hologram can be used as long as it is a means 
that is capable of recording and reproducing the ultra 
high density optical disk 12 and the DVD 13. 
[0366] Furthermore, the present embodiment was ex- 
plained using the case in which the objective lens 39 
was used during recording and reproduction from the 
ultra high density optical disk and the DVD 13, and the 
objective lens 45 was used during recording and repro- 
duction of the CD 1 4. However even if a dedicated ob- 
jective lens is used for the ultra high density optical disk 
12, and an objective lens is used for the DVD 13 and 
the CD 14, then the DPP method or the three beam 
method can be used, and a similar, or equivalent effect 
can be obtained. Furthermore, at this time, it goes with- 
out saying that it is also possible to record and repro- 
duce just of one of either of the CD 14 or the DVD 13. 

Twelfth Embodiment 

[0367] An optical head according to the twelfth em- 
bodiment of the present invention is shown in FIG; 48. 
It differs from the eleventh embodiment, in an objective 
lens 68, and in that it contains a detecting device 69 that 
is for detecting the tilt of the optical disk. FIG. 48 shows 
the recording and reproducing state of the ultra high 
density optical disk 12, and shows the manner in which 
the ultra high density optical disk is tilted. 
[0368] The light of wavelength XI that is emitted from 
the light source 1 is focused by the objective lens 39, 
and is irradiated onto the ultra high density optical disk 
12 to perform recording and reproduction. At the same 
time, the light of wavelength A3 that is emitted from the 
light source 3 is incident on an objective lens 68, which 
is described later, and pass through remain collimated 
light only in a ring-shaped region, after which it is irradi- 
ated onto the ultra high density optical disk 12. The di- 
rection of light that is reflected from the ultra high density 
optical disk 12 that is tilted is changed, and is detected 
by the detecting device 69. 

[0369] In the diagram, the reflected light of the ring- 
shaped region is indicated by hatching. Here, a cross- 
sectional view of the objective lens 68 is shown in FIG. 
49A, and as shown in FIG. 49B, a rear surface view (the 
opposite side to the disk) contains a ring-shaped region 
77a for tilt detection. Collimated light that passes 
through the region 77a passes straight though, as is, 
without being focused. Light that passes through re- 
gions other than 77a is optimized for the CD 14. During 
recording and reproduction of the CD 1 4, there is a slight 
reduction in the amount of light, but this causes no prob- 
lems with recording and reproduction. 
[0370] FIG. 50 shows the detecting device 69. The de- 
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tecting device contains two detecting regions, and the 
ring-shaped light that is received moves in response to 
the amount of tilt of the ultra high density optical disk 12. 
The amount of tilt of the ultra high density optical disk 
12 can be detected by a signal difference V1 - V2 that 
is obtained at each of the detecting regions of the de- 
tecting device 69. 

[0371] Coma aberration is generated because of 
warping (tilt) of the optical disks s which generally occurs 
due to manufacturing errors or age or the like. And since 
high accuracy aberration properties are demanded 
along with increase in recording density, it is preferable 
to correct coma aberration by tilting the objective lens 
in order to favorably carry out recording and reproduc- 
tion. If tilt detection is carried out according to the 
present embodiment, and tilting drive carried out by the 
objective lens drive mechanism that is capable of tilting 
that was described in the eleventh embodiment, then 
coma aberration can be corrected based on the tilt de- 
tection signal, and information can be recorded and re- 
produced favorably. 

[0372] Thus, according to an embodiment of the 
present invention, since light of another wavelength, 
which is not being used for recording or reproduction, is 
utilized, tilting can be detected by a simple configuration, 
there is no necessity to attach a new tilt sensor, and 
costs can be reduced. Furthermore, highly accurate tilt 
detection can be obtained since the tilt is detected in the 
vicinity of the spot that is recording and reproducing in- 
formation. 

[0373] It should be noted that the present embodi- 
ment is described using the case in which the detecting 
region of the detecting device 69 is divided into two, 
however if it is divided into four, then it is possible to 
detect tilt in the radial and tangential directions. 
[0374] Furthermore, in the foregoing description, an 
example was given of detecting tilt of the ultra high den- 
sity optical disk whose substrate thickness is 0.1 mm 
using the light for the CD 14. However the present em- 
bodiment is not limited to this, and it is also possible to 
detect the tilt of the DVD 13 using the light for the CD 
14. Even in this case, since tilt detection is carried out 
using light of a wavelength that is not recording or re- 
producing information, the same effect can be obtained. 
[0375] Furthermore, in the present embodiment, 
some of the objective lens 68 was given to the region 
for tilt detection. However it is not limited to this, and the 
same effect can be obtained by opening a through hole 
(not shown) in the lens holder 33 that holds the objective 
lens 68 to pass light for tilt detection. 
[0376] Furthermore, for simplicity, the detecting de- 
vice 15 for recording and reproduction, and the detect- 
ing device 69 for tilt detection are separate bodies. How- 
ever they can also be a single piece. 

Thirteenth Embodiment 

[0377] An optical head according to the thirteenth em- 



bodiment of the present invention is shown in FIG. 51 . 
This differs from the twelfth embodiment in the provision - 
of an objective lens 79. FIG. 51 shows the manner in 
which the ultra high density optical disk 12 is recorded 

5 or reproduced, and the manner in which the ultra high 

density optical disk is tilted. 
, [0378] The light of wavelength X1 that is emitted from 
the light source 1 is focused by the objective lens 39 and 
irradiated onto the ultra high density optical disk 12 to 

10 carry out recording and reproduction. At the same time, 
the light of wavelength X3 that is emitted from the light 
source 3 is incident on the objective lens 79 and is irra- 
diated onto the ultra high density optical disk 12. 
[0379] Here, the objective lens 79 is designed such 

15 that aberration of light with respect to a substrate thick- 
ness of 0.1 mm is minimized by an inner circumference 
area 79a, and that aberration of light with respect to a 
substrate thickness of 1 .2 mm (CD) is minimized by an 
outer circumference area 79b. During recording repro- 

20 duction of the CD, recording and reproduction is per- 
formed using the spot created by the outer circumfer- 
ence region 79b. At this time, light of the inner circum- 
ference region is largely unfocused, and does not affect 
recording or reproduction. 

25 [0380] On the other hand, of the light that is incident 
on the ultra high density optical disk 12, although the 
spot of the light of the outer circumference region 79b 
is largely unfocused, the light of the inner circumference 
region 79a is focused in the vicinity of the recording sur- 

30 face. The light of the inner circumference region 79a that 
is reflected by the ultra high density optical disk is de- 
tected by the detecting device 15. 
[0381] In the diagram, reflected light of the inner cir- 
cumference region 79a is shown by hatching. Since fo- 

35 cus control is carried out with respect to the objective 
lens 79 during recording and reproduction of the ultra 
high density optical disk 12, if the ultra high density op- 
tical disk 12 tilts, then a focus shift will occur with respect 
to the objective lens 79. Using methods such as the 

40 astigmatization method or the knife edge method in the 
detecting device 15, if light in which a focus shift has 
occurred is detected, this can be used as a tilt detection 
signal. 

[0382] Coma aberration is generated because of 
45 warp in optical disks, which generally occurs due to, for 
example, manufacturing errors or age. And since high 
accuracy aberration properties are required with in- 
creasing recording density, in order to carry out record- 
ing and reproduction favorably, coma aberration prefer- 
50 ably is corrected by tilting the objective lens. According 
to the present embodiment, by performing tilt detection 
using the detecting device 15 and by performing tilting 
drive using the tilt capable objective lens drive appara- 
tus that was described in the eleventh embodiment, co- 
55 ma aberration can be corrected and information can be 
favorably recorded and reproduced. 
[0383] Thus, according to the present embodiment, 
since light of another wavelength that is not recording 
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or reproducing, is utilized, tilting can be detected by a 
simple configuration, there is no necessity to attach a 
new tilt sensor, and costs can be reduced. Furthermore, 
highly accurate tilt detection can be obtained since the 
tilt is detected in the vicinity of the spot that is recording 5 
and reproducing information. 

[0384] It should be noted that in the present embodi- 
ment, an example is described in which tilt of the optical 
disk 1 2 whose substrate thickness is 0. 1 mm is detected 
using light for the CD 14. However, it is not limited to 10 
this, and it is also possible to detect the tilt of the DVD 
13 using the light for the CD 14. Even in this case, the 
same effect can be obtained because tilt is detected by 
utilizing light of a wavelength that is not recording and 
reproducing information. 15 

Fourteenth Embodiment 

[0385] FIG. 52 shows a complete structural example 
of an optical disk drive 89 as an optical information re- 20 
cording and reproduction apparatus. An optical disk 61 
is fixed, sandwiched between the turntable 63 and the 
clamper 64, and is rotated by the motor (rotating system) 
65, which is a moving means. 

[0386] The optical head 62 that is described in any 25 
one of the fourth to thirteenth embodiments rides on the 
traverse (conveying system) 66, which is a moving 
means, and is set such that the light that is emitted can 
move from the inner circumference to the outer circum- 
ference of the optical disk. A control circuit 68 performs 30 
focus control, tracking control traverse control and mo- 
tor rotation control based on the signal that is received 
from the optical head 62. Furthermore, it also reproduc- 
es information from the reproduction signal, and sends 
the recording signal to the optical head 62. 35 

Fifteenth Embodiment 

[0387] The fifteenth embodiment is an embodiment in 
which an optical head that was shown in the first to four- *o 
teenth embodiment is used in a computer. FIG. 53 
shows a perspective view of the computer (personal 
computer) according to the present embodiment. In FIG. 
53, a computer 100 is constituted by an optical disk drive 
(optical information recording and reproduction appara- 45 
tus) 101, a keyboard 103 to input information, and a 
monitor 1 02 for displaying information. The optical disk 
drive 101 is provided with any of the optical heads de- 
scribed in the first to fourteenth embodiments. 
[0388] Since the computer 100 is provided with the 50 
optical disk drive 101 that includes any of the optical 
heads described in the first to fourteenth embodiments 
as an external recording device, information can be re- 
corded and reproduced reliably for different types of op- 
tical disks, and it can be used over a wide range of ap- 55 
plications. 

[0389] Furthermore, it is possible to make use of the 
high capacity of optical disks to back up the computer 



hard disk. Furthermore, by making use of the low cost 
and portability of the media (optical disk), and its inter- 
changeability, in which its information can be read put 
on another optical disk drive, programs or data can be 
exchanged with other people, or can be for personal 
use. Furthermore, it can also handle pre-existing media 
such as DVDs or CDs. 

Sixteenth Embodiment 

[0390] The sixteenth embodiment is an embodiment 
in which an optical head shown in the first to fourteenth 
embodiments is used in an optical disk recorder (image 
recording device). FIG. 54 shows a perspective view of 
the optical disk recorder according to the present em- 
bodiment. An optical disk recorder 1 1 0 is used when 
connected to a monitor 111 that is for displaying images 
recorded on the optical disk recorder 110. 
[0391 ] Since the optical disk recorder 1 1 0 is provided 
with an optical disk drive that includes an optical head 
described in any of the first to fourteenth embodiments, 
information can be reliably recorded onto and repro- 
duced from different types of optical disks, and it can be 
used over a wide range of applications. 
[0392] Furthermore, the optical disk recorder 110 
records images onto the media, which then can be re- 
produced when desired. There is no necessity to rewind 
the optical disk like a tape after recording and after re- 
production, and chasing playback, in which the start of 
a program can be reproduced while recording that pro- 
gram, and simultaneous recording / replaying, in which 
a pre-recorded program is reproduced while recording 
another program, are possible. 

[0393] Moreover, by making use of the low cost and 
portability of the media (optical disk), and its inter- 
changeability, in which its information can be read out 
on another optical disk drive, programs or data can be 
exchanged with other people, or can be for personal 
use. Furthermore, it also can handle pre-existing media 
such as DVDs or CDs. 

[0394] It should be noted that the description here is 
of an optical disk recorder provided with only an optical 
disk drive, however an internal hard disk can also be 
provided, as can a video tape that has a recording and 
reproduction function. In this manner, temporary saving 
or backup of images is facilitated. 

Seventeenth Embodiment 

[0395] The seventeenth embodiment is an embodi- 
ment in which optical heads shown in the first to four- 
teenth embodiments are used in an optical disk player 
(image reproduction apparatus). FIG. 55 shows a per- 
spective view of the optical disk player according to the 
present embodiment. An optical disk player 121 is pro- 
vided with a liquid crystal monitor 120, and can display 
images that are recorded on an optical disk on the liquid 
crystal monitor. 
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[0396] Since the disk player 121 has an internal opti- 
cal disk drive that includes an optical head described in 
any of the first to fourteenth embodiments, information 
can be recorded onto and reproduced from different 
types of optical disks reliably, and it can be used over a 
wide range of applications. 

[0397] Furthermore, the optical disk player can repro- 
duce images, which are recorded onto the media, when 
desired. There is no necessity to rewind the optical disk 
like a tape after reproduction, and images can be ac- 
cessed and reproduced at a desired location. Further- 
more, it also can handle pre-existing media such as 
DVDs or CDs. 

Eighteenth Embodiment 

[0398] The eighteenth embodiment is an embodiment 
in which an optical head shown in the first to fourteenth 
embodiments is used in a server. FIG. 56 is a perspec- 
tive view of the server according to the present embod- 
iment. 

[0399] A server 130 is provided with an optical disk 
drive 131 , a monitor 133 for displaying information and 
a keyboard 134 to input information, and is connected 
to a network 135. 

[0400] Since the server 1 30 has an inbuilt optical disk 
drive that includes an optical head described in any of 
the first to fourteenth embodiments, information can be 
and reproduced from different types of optical disks re- 
liably, and the server can be used over a wide range of 
applications. 

[0401] Furthermore, making use of the large capacity 
of optical disks, information (such as images, speech, 
moving images, HTML text and text documents) that is 
recorded on the optical disk is transmitted in response 
to a demand from the network 135. Furthermore, infor- 
mation that is sent from the network is recorded in the 
requested position. Furthermore, since it is also possi- 
ble to reproduce information that is recorded on pre-ex- 
isting media, such as CDs and DVDs, it is also possible 
to transmit that information. 

Nineteenth Embodiment 

[0402] The nineteenth embodiment is an embodiment 
in which an optical head shown in the first to fourteenth 
embodiments is used in a car navigation system. FIG. 
57 shows a perspective view of the car navigation sys- 
tem according to the present embodiment. A car navi- 
gation system 140 has an internal optical disk drive that 
is connected to and is used with a liquid crystal monitor 
141 that displays topographical and destination informa- 
tion. 

[0403] Since the car navigation system 140 is provid- 
ed with an optical disk drive that includes an optical head 
described in any of the first to fourteenth embodiments, 
information can be recorded and reproduced from dif- 
ferent types of optical disks reliably, and it can be used 



over a wide range of applications. 
[0404] Furthermore, the car navigation system 140 
calculates its present position based on information 
from map information recorded on a medium, a geo-po- 
5 sitioning system (GPS) or a gyroscope, a speedometer 
and an odometer, and displays that position on the liquid 
crystal monitor. 

[0405] Furthermore, if the destination is input, the sys- 
tem calculates the optimum route to the destination 

10 based on the map information and the road information, 
and displays this on the liquid crystal monitor. 
[0406] By using a large capacity optical disk to record 
the map information, it is possible to provide detailed 
road information covering a wide area on a single disk. 

15 Furthermore, information about restaurants, conven- 
ience stores and gasoline stands that are in the vicinity 
of the roads also can be provided simultaneously, con- 
tained on the optical disk. 

[0407] Moreover, with the passage of. time, road infor- 
20 mation becomes old and inaccurate. However since op- 
tical disks are interchangeable, and the media is cheap, 
the latest information can be obtained by substitution 
with a disk containing the newest road information. 
[0408] Furthermore, since the car navigation system 
25 can handle the recording and reproduction of pre-exist- 
ing media such as DVDs and CDs, it is possible to watch 
movies or listen to music inside the vehicle. . 



[0409] Since the present invention according to the 
embodiments above reliably can record and reproduce 
information from optical disks that have different sub- 
strate thicknesses such as high density optical disks 
35 whose substrate thickness is thin, and DVDs and CDs, 
it can be applied in computers, image recording devices, 
image reproducing devices, servers and car navigation 
systems. 



40 

Claims 

1 . An optical element, comprising: 

4 5 a substrate in which grooves are formed; 

wherein the expression: 

50 3B0 nm < (n - 1) X d < 420 nm 

is satisfied, where n is the refractive index of the 
substrate at a wavelength of 400 nm, and d (nm) is 
a depth per step of the grooves; and 
55 wherein the grooves are formed in two steps 

of depth d and depth 2d. 

2. An optical element, comprising: 
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a substrate in which grooves are formed; 
wherein the expression: 

. 380 nm < (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the sub- 
strate at a wavelength of 400 nm, and d (nm) is a 
depth per step of the grooves; and 

wherein the grooves are formed in four steps 
of depth d, depth 2d, depth 3d and depth 4d. 

3. The optical head according to claim 2, 

wherein the depth of the grooves is lined up 
in the order: depth 2d, depth 4d, depth d, depth 3d, 
or in the order: depth 3d, depth d, depth 4d, depth 
2d. 

4. The optical element according to claim 1 or 2, 

wherein the grooves are formed in concentric 
ring-shapes. 

5. The optical element according to claim 1 or 2, 

wherein the grooves are adjacent via a portion 
in which no grooves are formed, and the width of 
each step of the grooves is substantially the same 
as the width of the portion in which no grooves are 
formed. 

6. An optical head, comprising: 

a first light source that emits light of a first wave- 
length that at least either records onto or repro- 
duces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
ond wavelength that at least either records onto 
or reproduces information from a second infor- 
mation recording medium; 
focusing means for focusing light that is emitted 
from the first light source and from the second 
light source; 

an optical element that passes light of the first 
wavelength and diffracts light of the second 
wavelength; and 

photodetecting means for detecting light of the 
first wavelength and light of the second wave- 
length; 

wherein light of the first wavelength and light 
of the second wavelength pass through the optical 
element, after which they are focused by the focus- 
ing means and are irradiated onto the information 
recording media; 

wherein the optical element is an optical ele- 
ment in which grooves are formed in a substrate; 

wherein the expression: 



380 nm < (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the sub- 
5 strate at a wavelength of 400 nm, and d (nm) js a 

depth per step of the grooves; 

wherein the grooves are formed in two steps 
of depth d and depth 2d; and 

wherein the photodetecting means detects 
10 light that is at least either reflected or diffracted by 

the information recording media. 

7. An optical head, comprising: 

15 a first light source that emits light of a first wave- 

length, that at least either records onto or re- 
produces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
20 ond wavelength , that at least either records on- 

to or reproduces information from a second in- 
formation recording medium; 
focusing means forfocusing lightthat is emitted 
from the first light source and from the second 
25 light source; 

an optical element that passes light of the first 
wavelength and diffracts light, of the second 
wavelength; and 

photodetecting means for detecting light of the 
30 first wavelength and light of the second wave- 

length; 

wherein light of the first wavelength and light 
of the second wavelength pass through the optical 
35 element, after which they are focused by the focus- 

ing means and are irradiated onto the information 
recording media; 

wherein the optical element is an optical ele- 
ment in which grooves are formed in a substrate; 
40 wherein the expression: 

380 nm < (n - 1) x d < 420 nm 

45 js satisfied, where n is a refractive index of the sub- 

strate at a wavelength of 400 nm, and d (nm) is a 
depth per step of the grooves; 

wherein the grooves are formed in four steps 
of depth d, depth 2d, depth 3d and depth 4d; and 

so wherein the photodetecting means detects 

light that is at least either reflected or diffracted by 
the information recording media. 

8. The optical head according to claim 7, 

55 wherein the depth of the grooves is lined up 

in the order depth 2d, depth 4d, depth d, depth 3d, 
or in the order depth 3d, depth d, depth 4d, depth 2d. 
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9. The optical head according to claim 6 or 7, 

wherein the second wavelength is 1"5 to 1.8 
times the length of the first wavelength. 

10. The optical head according to claim 6 or 7, 5 

wherein the grooves of the optical element are 
formed on a face that is close to the focusing 
means. 

11. The optical head according to claim 6 or 7, 10 

wherein for light of the second wavelength 
that is diffracted by the optical element, the light that 
diverges is stronger than the light that converges 
with respect to incident light. 

15 

12. The optical head according to claim 6 or 7, 

wherein the optical element corrects the ab- 
erration to not more than 70 mX when light of the 
second wavelength that is diffracted by the optical 
element is focused on an information surface of a 20 
second information recording medium. 

13. An optical head comprising: 

a first light source that emits light of a first wave- 25 
length, that at least either records onto or re- 
produces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
ond wavelength, that at least either records on- 30 
to or reproduces information from a second in- 
formation recording medium; 
a third light source that emits light of a third 
wavelength, that at least either records onto or 
reproduces information from a third information 35 
recording medium; 

focusing means for focusing light that is emitted 

from the first light source, from the second light 

source and from the third light source; 

a first optical element that passes light of the *o 

first wavelength and diffracts light of the second 

wavelength and light of the third wavelength; 

and 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength *s 
and light of the third wavelength; 

wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 
length pass through the optical element, after which so 
they are focused by the focusing means and are ir- 
radiated onto the information recording media; 

wherein the first optical element is an optical 
element in which grooves are formed in a substrate; 

wherein the expression: 55 

380 nm ^ (n - 1) x d ^ 420 nm 



is satisfied, where n is a refractive index of the sub- 
strate at a wavelength of 400 nm, and d (nm) is a 
depth per step of the grooves; 

wherein the grooves are formed in two steps 
of depth d and depth 2d; and 

wherein the photodetecting means detects 
light that is at least either reflected or diffracted by 
the information recording media. 

14. An optical head, comprising: 

a first light source that emits light of a first wave- 
length, that at least either records onto or re- 
produces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
ond wavelength, that at least either records on- 
to or reproduces information from a second in- 
formation recording medium; 
a third light source that emits light of a third 
wavelength, that at least either records onto or 
reproduces information from a third information 
recording medium; 

focusing means forfocusing light that is emitted 
from the first light source, from the second light 
source and from the third light source; 
a first optical element that passes light of the 
first wavelength and diffracts light of the second 
wavelength and the third wavelength; and 
photodetecting means for detecting light of the 
first wavelength., light of the second wavelength 
and light of the third wavelength; 

wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 
length pass through the optical element, after which 
they are focused by the focusing means and are ir- 
radiated onto the information recording media; 

wherein the first optical element is an optical 
element in which grooves are formed in a substrate; 

wherein the expression: 

3B0 nm < (n - 1) X d < 420 nm 

is satisfied, where n is a refractive index of the sub- 
strate at a wavelength of 400 nm, and d (nm) is a 
depth per step of the grooves; 

wherein the grooves are formed in four steps 
of depth d, depth 2d, depth 3d and depth 4d; and 

wherein the photodetecting means detects 
light that is at least either reflected or diffracted by 
the information recording media. 

15. The optical head according to claim 14, 

wherein the depth of the grooves is lined up 
in the order depth 2d, depth 4d, depth d, depth 3d, 
or in the order depth 3d, depth d, depth 4d, depth 2d. 
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16. The optical head according to claim 13 or 14, 

wherein the second wavelength is 1 .5 to 1.8 
times the length of the first wavelength; and 

wherein the third wavelength is 1.8 to 2.2 
times the length of the first wavelength. 

17. The optical head according to claim 13 or 14, 

wherein, when a first region is a substantially 
circle-shaped region in the central vicinity of the first 
optical element, a second region is a substantially 
ring-shaped region that surrounds the first region, 
and a third region is a region on the outside of the 
second region, 

light of the first wavelength passes through 
the first, second and third region, light of the second 
wavelength passes through the first and second re- 
gion, and light of the third wavelength passes 
through the first region. 

18. The optical head according to claim 13 or 14, 

wherein for light of the second wavelength 
and third wavelength that are diffracted by the first 
optical element, the light that diverges is stronger 
than the light that converges with respect to incident 
- light. 

19. The optical head according to claim 1 3 or 1 4, further 
comprising: 

phase correcting means for correcting the ab- 
erration of light of the second wavelength that 
is diffracted by the first optical element to not 
more than 70 rr\X when light of the second 
wavelength is focused on the information sur- 
face of the second information recording medi- 
um, and 

for correcting the aberration of light of the third 
wavelength that is diffracted by the first optical 
element to not more than 70 mA, when light of 
the third wavelength is focused on the informa- 
tion surface of the third information recording 
medium; 

wherein the phase correcting means does not 
change the phase of light of the first wavelength; 
and 

wherein the phase correcting means is pro- 
vided in the light path between the light sources and 
the optical information recording medium. 

20. The optical head according to claim 1 3 or 1 4, further 
comprising: 

a second optical element that passes light of 
the first wavelength and light of the third wave- 
length, and diffracts light of the second wave- 
length; 



wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 
length pass through the two optical elements, after 
which they are focused by the focusing means, and 
5 irradiated onto the optical information recording me- 

dium. 

21 . The optical head according to claim 1 3 or 1 4, further 
comprising: 

10 

a second optical element that passes light of 
the first wavelength and light of the third wave- 
length, and diffracts light of the second wave- 
length; 

15 

wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 
length pass through the two optical elements, after 
which they are focused by the focusing means, and 
20 irradiated onto the optical information recording me- 

dium; 

wherein the second optical element is an op- 
tical element in which grooves are formed in a sub- 
strate; 

25 wherein the expression: 

760 nm < (n - 1) X d < 840 nm 

30 is satisfied, where n is a refractive index of the sub- 
strate at a wavelength of 400 nm, and d (nm) is a 
depth per step of the grooves; and 

wherein the grooves are formed in two steps 
of depth d and depth 2d. 

35 

22. The optical head according to claim 1 3 or 1 4, further 
comprising: 

a second optical element that passes light of 
40 the first wavelength and light of the third wave- 

length, and diffracts light of the second wave- 
length; 

wherein light of the first wavelength, light of 
45 the second wavelength and light of the third wave- 
length pass through the two optical elements, after 
which they are focused by the focusing means, and 
irradiated onto the optical information recording me- 
dium; 

so wherein the second optical element is an op- 

tical element in which grooves are formed in a sub- 
strate; 

wherein the expression: 

55 

760 nm < (n - 1) x d < 840 nm 
is satisfied, where n is a refractive index of the sub- 
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strate at a wavelength of 400 nm, and d (nm) is a 
depth per step of the grooves; and 

wherein the grooves are formed in three steps 
of depth d, depth 2d and depth 3d. 

5 

23. The optica! head according to claim 1 3 or 1 4, further 
comprising: 

a second optical element that passes light of 
the first wavelength and light of the third wave- 10 
length, and diffracts light of the second wave- 
length; 

wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 15 
length pass through the two optical elements, after 
which they are focused by the focusing means, and 
irradiated onto the optical information recording me- 
dium; and 

wherein the first optical element and the sec- 20 
ond optical element are formed on a top and a rear 
of a single substrate. 

24. The optical head according to claim 1 3 or 1 4, further 
comprising: 25 

a second optical element that passes light of 
the first wavelength and light of the third wave- 
length, and diffracts light of the second wave- 
length; 30 

wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 
length pass through the two optical elements, after 
which they are focused by the focusing means, and 35 
irradiated onto the optical information recording me- 
dium; and 

wherein the first optical element and the sec- 
ond optical element are formed on a top and a rear 
of a single substrate, and the face on which the sec- 40 
ond optical element is formed, of the two faces of 
the single substrate, is closer to the focusing 
means. 

25. The optical head according to claim 13 or 14, further *s 
comprising: 

a second optical element that passes light of 
the first wavelength and light of the third wave- 
length, and diffracts light of the second wave- so 
length; 

wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 
length pass through the two optical elements, after ss 
which they are focused by the focusing means, and 
irradiated onto the optical information recording me- 
dium; and 



wherein the first and second optical elements 
correct the aberration of light of the second wave- 
length that is diffracted by the first and second op- 
tical elements to not more than 70 mA, when that 
light is focused onto the information surface of the 
second information recording medium; and 

correct the aberration of light of the third 
wavelength that is diffracted by the first optical ele- 
ment to not more than 70 mX when that light is fo- 
cused on the information surface of the third infor- 
mation recording medium. 

26. The optical head according to claim 13 or 14, 

wherein, when a distance between the sur- 
face of the first information recording medium on the 
focusing means side and the tip of the focusing 
means on the side of the first information recording 
medium is WD1 when light of the first wavelength 
is irradiated onto the first information recording me- 
dium, and 

a distance between the surface of the second 
information recording medium on the focusing 
means side and the tip of the focusing means on 
the side of the second information recording medi- 
um is WD2 when light of the second wavelength is 
irradiated onto the second information recording 
medium, and , 

a distance between the surface of the third in- 
formation recording medium on the focusing means 
side and the tip of the focusing means on the side 
of the third information recording medium is WD3 
when light of the third wavelength is irradiated onto 
the third information recording medium, 

a difference between the maximum value and 
the minimum value of WD1 , WD2 and WD3 is small- 
er than the maximum value of the diameter of the 
focusing means. 

27. The optical head according to claim 13 or 1 4, 

wherein, when a distance between the sur- 
face of the first information recording medium on the 
focusing means side and the tip of the focusing 
means on the side of the first information recording 
medium is WD1 when light of the first wavelength 
is irradiated onto the first information recording me- 
dium, and 

a distance between the surface of the second 
information recording medium on the focusing 
means side and the tip of the focusing means on 
the side of the second information recording medi- 
um is WD2 when light of the second wavelength is 
irradiated onto the second information recording 
medium, and 

a distance between the surface of the third in- 
formation recording medium on the focusing means 
side and the tip of the focusing means on the side 
of the third information recording medium is WD3 
when light of the third wavelength is irradiated onto 
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the third information recording medium, 

WD1 , WD2 and WD3 are substantially equiv- 
alent. 

28. The optical head according to claim 6, 7, 13 or 14, 
further comprising: 

a converter for converting a plurality of signals, 
which are received in parallel and are output 
from the photodetecting means into a serial sig- 
nal. 

29. The optical head according to claim 6, 7, 13 or 14, 
further comprising: 

a converter for converting a plurality of signals, 
which are received in parallel and are output 
from the photodetecting means, into a serial 
signal; 

wherein the serial signal is an electrical signal. 

30. The optical head according to claim 6, 7, 13 or 14, 
further comprising: 

a first converter for converting a plurality of sig- 
nals, which are output from the photodetecting 
means and received in parallel, into a serial sig- 
nal; and 

a second converter for receiving the electric 
signal that is output from the first converter and 
for converting the electric signal into an optical 
signal. 

31. An optical information recording and reproduction 
apparatus, comprising: 

an optical head that includes; 
a first light source that emits light of a first wave- 
length, that at least either records onto or re- 
produces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
ond wavelength, that at least either records on- 
to or reproduces information from a second in- 
formation recording medium; 
focusing means for focusing light that is emitted 
from the first light source and from the second 
light source; 

an optical element that passes light of the first 
wavelength and diffracts light of the second 
wavelength; and 

photodetecting means for detecting light of the 
first wavelength and light of the second wave- 
length, 

further comprising: 



moving means for moving the information re- 
cording medium and the optical head relative 
to each other; 

5 wherein light of the first wavelength and light 

of the second wavelength pass through the optical 
element, after which they are focused by the focus- 
ing means and are irradiated onto the information 
recording media; 

10 wherein the optical element is an optical ele- 

ment in which grooves are formed in a substrate; 
wherein the expression: 

15 3B0 nm < (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the sub- 
. strate at a wavelength of 400 nm, and d (nm) is a 
depth per step of the grooves; 
20 wherein the grooves are formed in two steps 

of depth d and depth 2d; and 

wherein the photodetecting means detects 
light that is at least either reflected or diffracted by 
the information recording media. 

25 

32. An optical information recording and reproduction 
apparatus, comprising: 

an optical head that includes; 
30 a first light source that emits light of a first wave- 

length, that at least either records onto or re- 
produces info rmat ion from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
35 ond wavelength, that at least either records on- 

to or reproduces information from a second in- 
formation recording medium; 
focusing means forfocusing light that is emitted 
from the first light source and from the second 
40 light source; 

an optical element that passes light of the first 
wavelength and diffracts light of the second 
wavelength; and 

photodetecting means for detecting light of the 
45 fjrst wavelength and light of the second wave- 

length, 

further comprising: 

so moving means for moving the information re- 

cording medium and the optical head relative 
to each other; 

wherein light of the first wavelength and light 
55 of the second wavelength pass through the optical 

element, after which they are focused by the focus- 
ing means and are irradiated onto the information 
recording media; 
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wherein the optical element is an optical ele- 
ment in which grooves are formed in a substrate; 
wherein the expression: 

380 nm < (n - 1 ) x d < 420 nm 

is satisfied, where n is a refractive index of the sub- 
strate at a wavelength of 400 nm, and d (nm) is, a 
depth per step of the grooves; 

wherein the grooves are formed in four steps 
of depth d, depth 2d, depth 3d and depth 4d; and 

wherein the photodetecting means detects 
light that is at least either reflected or diffracted by 
the information recording media. 

33. The optical information recording and reproduction 
apparatus according to claim 32, 

wherein the grooves are lined up in the order: 
depth 2d, depth 4d, depth d, depth 3d, or in the order 
depth 3d, depth d, depth 4d, depth 2d. 

34. An optical information recording and reproduction 
apparatus, comprising: 

an optical head that includes; 
a first light source that emits light of a first wave- 
length, that at least either records onto or re- 
produces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
ond wavelength, that at least either records on- 
to or reproduces information from a second in- 
formation recording medium; 
a third light source that emits light of a third 
wavelength, that at least either records onto or 
reproduces information from a third information 
recording medium; 

focusing means for focusing light that is emitted 

from the first light source, from the second light 

source and from the third light source; 

a first optical element that passes light of the 

first wavelength and diffracts light of the second 

wavelength and light of the third wavelength; 

and 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength 
and light of the third wavelength; 

further comprising: 

moving means for moving the information re- 
cording medium and the optical head relative 
to each other; 

wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 
length pass through the optical element, after which 



they are focused by the focusing means and are ir- 
radiated onto the information recording media; 

wherein the first optical element is an optical 
element in which grooves are formed in a substrate; 
5 wherein the expression: 

3B0 nm < (n - 1) x d < 420 nm 

10 is satisfied, where n is a refractive index of the sub- 

strate at a wavelength of 400 nm, and d (nm) is a 
depth per step of the grooves; 

wherein the grooves are formed in two steps 
of depth d and depth 2d; and 

15 wherein the photodetecting means detects 

light that is at least either reflected or diffracted by 
the information recording media. 

35. An optical information recording and reproduction 
20 apparatus, comprising: 

an optical head that includes; 
a first light source that emits light of a first wave- 
length, that at least either records onto or re- 
25 p roduces information from a first information re- 

cording medium; 

a second light source that emits light of a sec- 
. ond wavelength, that at least either records on- 
to or reproduces information from a second in- 

30 formation recording medium; 

a third light source that emits light of a third 
wavelength, that at least either records onto or 
reproduces information from a third information 
recording medium; 

35 focusing means f orfocusing light that is emitted 

from the first light source, from the second light 
source and from the third light source; 
a first optical element that passes light of the 
first wavelength and diffracts light of the second 

40 wavelength and light of the third wavelength; 

and 

photodetecting means for detecting light of the 
first wavelength, light of the second wavelength 
and light of the third wavelength; 

45 

further comprising: 

moving means for moving the information re- 
cording medium and the optical head relative 
50 to each other; 

wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 
length pass through the optical element, after which 
55 they are focused by the focusing means and are ir- 
radiated onto the information recording media; 

wherein the first optical element is an optical 
element in which grooves are formed in a substrate; 
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wherein the expression: 



380 nm £ (n - 1) x d < 420 nm 

is satisfied, where n is a refractive index of the sub- 
strate at a wavelength of 400 nm, and d (nm) is a 
depth per step of the grooves; 

wherein the grooves are formed in four steps 
of depth d, depth 2d, depth 3d and depth 4d; and 

wherein the photodetecting means detects 
light that is at least either reflected or diffracted by 
the information recording media. 

36. The optical information recording and reproduction 
apparatus according to claim 34 and 35, further 
comprising: — 

a second optical element that passes light of 
the first wavelength and light of the third wave- 
length, and diffracts light of the second wave- 
length; 

wherein light of the first wavelength, light of 
the second wavelength and light of the third wave- 
length pass through the two optical elements, after 
which they are focused by the focusing means, and 
irradiated onto the optical information recording me- 
dium. 

37. An optical element, comprising: 

a substrate, in which steps are formed protrud- 
ing from a flat surface thereof; 

wherein the expression: 



760 nm < (n - 1) x d < 840 nm 

is satisfied when a refractive index of the substrate 
at a wavelength of 400 nm is n, and a height (nm) 
of one step is d; and 

wherein the height of the steps is an integer 
multiple of d. 

38. The optical element according to claim 37, 

wherein the steps are formed in concentric 
ring-shapes. 

39. An optical head, comprising: 

a first light source that emits light of a first wave- 
length that is in a range of 380 nm to 420 nm 
and that at least either records onto or repro- 
duces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
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ond wavelength, that at least either records on- 
to or reproduces information from a second in- 
formation recording medium; 
an optical element that passes light of the first 
wavelength, and converts the phase of light of 
the second wavelength; 

focusing means for focusing light of the first 
wavelength and light of the second wavelength 
onto the information recording medium; 
detecting means for detecting light of the first 
wavelength and light of the second wavelength ; 

wherein the optical element is an optical ele- 
ment comprising a substrate, in which steps are 
formed protruding from a flat surface thereof; and 

wherein the expression: 

760 nm < (n - 1 ) X d < 840 nm 

is satisfied when a refractive index of the substrate 
at a wavelength of 400 nm is n, and a height (nm) 
of one step is d. 

40. An optical head, comprising: 

a first light source that emits light of a first wave- 
length that is in a range of 380 nm to 420 nm 
and that at least either records onto or repro- 
duces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
ond wavelength, that at least either records on- 
to or reproduces information from a second in- 
formation recording medium; 
an optical element that passes light of the first 
wavelength, and converts the phase of light of 
the second wavelength; 

focusing means for focusing light of the first 
wavelength and light of the second wavelength 
onto the information recording medium; and 
detecting means for detecting light of the first 
wavelength and light of the second wavelength; 

wherein the position of the second light 
source is set closer to the focusing means than a 
position at which the aberration at the information 
recording surface of the second information record- 
ing medium, when the optical element is not 
present, is at a minimum; 

wherein the optical element is an optical ele- 
ment comprising a substrate, in which steps are 
formed protruding from a flat surface thereof; and 

wherein the expression: 

380 nm < (n - 1 ) X d < 420 nm 
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is satisfied when a refractive index of the substrate 
at a wavelength of 400 nm is n, and a height (nm) 
of one step is d. 

41. An optical head, comprising: 

a first light source that emits light of a first wave- 
length that is in a range of 380 nm to 420 nm 
and that at least either records onto or repro- 
duces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
ond wavelength, that at least either records on- 
to or reproduces information from a second in- 
formation recording medium; 
an optical element that passes light of the first 
wavelength, and converts the phase of light of 
the second wavelength; 

focusing means for focusing light of the first 
wavelength and light of the second wavelength 
onto the information recording medium; and 
detecting means for detecting light of the first 
wavelength and light of the second wavelength; 

wherein the position of the second light 
source is set further from the focusing means than 
a position that is substantially midway between the 
position of that light source at which the aberration 
at the information recording surface of the second 
information recording medium when the optical el- 
ement is not present is at a minimum, and the po- 
sition of that light source at which light of the second 
wavelength that is incident on the focusing means 
is collimated light; 

wherein the optical element is an optical ele- 
ment comprising a substrate, in which steps are 
formed protruding from a flat surface thereof; and 

wherein the expression: 

380 nm < (n - 1) x d < 420 nm 

is satisfied when a refractive index of the substrate 
at a wavelength of 400 nm is n, and a height (nm) 
of one step is d. 

42. The optical head according to claim 39, 40 or 41 , 
further comprising: 

tilting means for tilting the focusing means. 

43. An optical head comprising: 

a first light source that emits light of a first wave- 
length that is in a range of 380 nm to 420 nm 
and that at least either records onto or repro- 
duces information from a first information re- 
cording medium; 



a second light source that emits light of a sec- 
ond wavelength, that at least either records on- 
to or reproduces information from a second in- 
formation recording medium; 
5 an optical element that passes light of the first 

wavelength, and converts the phase of light of 
the second wavelength; 

focusing means for focusing light of the first 
wavelength and light of the second wavelength 
to onto the information recording medium; and 

detecting means for detecting light of the first 
wavelength and light of the second wavelength; 

wherein light of the second wavelength that is 
is incident on the focusing means is collimated light; 

wherein the optical element is an optical ele- 
ment comprising a substrate, in which steps are 
formed protruding from a flat surface thereof; and 

wherein the expression: 

20 

3B0 nm < (n - 1) x d < 420 nm 

is satisfied when a refractive index of the substrate 
25 at a wavelength of 400 nm is n, and a height (nm) 
of one step is d. 

44. The optical head according to claim 39, 40, 41 or 43, 
wherein the optical element corrects the ab- 
30 erration to not more than 70 mX when light of the 
second wavelength is focused on the information 
recording surface of the second information record- 
ing media. 

35 45. An optical head, comprising: 

a first light source that emits light of a first wave- 
length that is in a range of 380 nm to 420 nm 
and that at least either records onto or repro- 
40 duces information from a first information re- 

cording medium; 

a second light source that emits light of a sec- 
ond wavelength, that at least either records on- 
to or reproduces information from a second in- 

45 formation recording medium; 

a third light source that emits light of a third 
wavelength, that at least either records onto or 
reproduces information from a third information 
recording medium; 

50 an optical element that passes light of the first 

wavelength and light of the third wavelength, 
and converts the phase of light of the second 
wavelength; 

focusing means for focusing light of the first 
55 wavelength, light of the second wavelength and 

light of the third wavelength onto the informa- 
tion recording medium; and 
detecting means for detecting light of the first 
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wavelength, light of the second wavelength and 
light of the third wavelength; 

wherein the optical element is an optical ele- 
ment comprising a substrate, in which steps are 
formed protruding from a flat surface thereof; and 

wherein the expressions: 

760 nm < (n1 - 1) x d < 840 nm 

and 

-10nm<M /(n1 - 1) - X3/ (n3 - 1) / 2 < 10 nm. 

are satisfied when a refractive index of the optical 
element at the wavelength of 400nm is n, the third 
wavelength is X3 (nm), a refractive index of the op- 
tical element at the wavelength A3 is n3, and a 
height (nm) of one step is d. 

46. An optical head, comprising: 

a first light source that emits light of a first wave- 
length that is in a range of 380 nm to 420 nm 
and that at least either records onto or repro- 
duces information from a first information re- 
cording medium; 

a second light source that emits light of a sec- 
ond wavelength, that at least either records on- 
to or reproduces information from a second in- 
formation recording medium; 
a third light source that emits light of a third 
wavelength, that at least either records onto or 
reproduces information from a third information 
recording medium; 

an optical element that passes light of the first 
wavelength and light of the third wavelength, 
and changes the phase of light of the second 
wavelength; 

a liquid crystal element that passes light of the 
first wavelength and light of the second wave- 
length, and diffracts light of the third wave- 
length; 

focusing means for focusing light of the first 
wavelength, lightof thesecond wavelength and 
light of the third wavelength onto the informa- 
tion recording medium; and 
detecting means for detecting light of the first 
wavelength, lightof thesecond wavelength and 
light of the third wavelength; 



700 nm < (n - 1) x d < 840 nm 

is satisfied when a refractive index of the substrate 
5 at a wavelength of 400 nm is n, and a height (nm) 

of one step is d; and 

wherein the liquid crystal element comprises: 

a substrate that has a relief-shaped hologram 

10 pattern; 

a first transparent electrode, which is formed on 
the relief-shaped hologram pattern; and 
a second transparent electrode that is arranged 
opposite the first transparent electrode to sand- 

15 wich the liquid crystal; 

wherein the liquid crystal element passes light 
of the first wavelength and light of the second wave- 
length, and diffracts light of the third wavelength by 
20 controlling a voltage that is applied to the first trans- 

parent electrode and the second transparent elec- 
trode. 

47. An optical information recording and reproduction 
25 apparatus, comprising: 

an optical head according to claim 39, 40, 41 , 
43, 45 or 46; and 

moving means for moving the information re- 
30 cording media and the optical head relative to 

each other. 

48. A computer, comprising: 

35 an optical information recording and reproduc- 

tion apparatus that includes an optical head ac- 
cording to claim 6, 7, 1 3, 1 4, 39, 40, 41 , 43, 45 
or 46, 

as an external storage device. 

40 

49. An image recording device, comprising: 

an optical information recording and reproduc- 
tion apparatus that includes an optical head ac- 
45 cording to claim 6, 7, 13, 14, 39, 40, 41 , 43, 45 

or 46; 

which can at least record images from among 
recording images onto and reproducing images 
50 from an information recording medium. 

50. An image reproduction device, comprising: 



wherein the optical element is an optical ele- an optical information recording and reproduc- 

ment comprising a substrate, in which steps are 55 ti on apparatus that includes an optical head ac- 

formed protruding from a flat surface thereof; cording to claim 6, 7, 13, 14, 39, 40, 41 , 43, 45 

wherein the expression: or 46; 



51 
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wherein it specializes in reproducing images 
from an information recording medium. 

51. A server, comprising: 

5 

an optical information recording and reproduc- 
tion apparatus that includes an optical head ac- 
cording to claim 6, 7, 1 3, 1 4, 39, 40, 41 , 43, 45 
or 46, as an external storage device. 

10 

52. A car navigation system, comprising: 

an optical information recording and reproduc- 
tion apparatus that includes an optical head ac- 
cording to claim 6, 7, 13, 14,39,40, 41, 43,45 15 
or 46, as an external storage device. 
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